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ANASTOMOSIS OF SUPERIOR VENA CAVA AND PULMONARY 
ARTERY IN THE SURGICAL TREATMENT OF CERTAIN 
CONGENITAL DEFECTS OF THE HEART 


A. N. Bakulev* and S. A. Kolesnikov,** Moscow, U.S.S.R. 


N THE JOURNAL OF THORACIC SuRGERY, April, 1958, F. Robiezek, R. Magistro, 

E. Foti, L. Robiesek, and P. Sanger published an article entitled ‘‘ Vena Cava- 
Pulmonary Artery Anastomosis for Vascularization of the Lung,’’ an experi- 
mental study in dogs, which is of considerable theoretical interest, and undoubt- 
edly has great practical significance. In June, 1957, one of the authors of this 
paper (A. N. B.) reported similar experimental studies, and presented clinical 
applications of this operation at the International Medical Congress in Turin, 
Italy. 

At the present time, the operation of placing an anastomosis between the 
superior vena cava and the pulmonary artery is fairly widely used in a number 
of surgical institutions of the Soviet Union (Institute of Thoracie Surgery of 
the Academy of Medical Sciences of U.S.S.R., Vishnevsky’s Institute of Sur- 
gery, and at the Central Institute of Post-graduate Studies, among others). This 
operation proved to be effective in eases of congenital heart disease with de- 
creased pulmonary circulation and, in many eases, is undoubtedly superior to 
anastomoses between the aorta and the pulmonary arteries (Potts, Blalock, 
Taussig). In the present paper we should like to share with our American 
colleagues the experience gained in this field. 

From the Institute of Thoracic Surgery, Academy of Medical Sciences of U.S.S.R., Mos- 
cow, U.S.S.R. 
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As early as 1951, one of the authors (A. N. B.) performed experimental 
and clinical anastomoses between the superior vena cava and the pulmonary 
artery for the surgical treatment of Fallot’s tetralogy. He thought that this 
operation would decrease the overloading of the right heart and would remove 
the extra load on the left heart and other complications caused by the creation 
of the artificial arterial pathway, and that it would present fewer technical 
difficulties. 

Independently of this, the Vishnevsky Institute of Surgery published, in 
1956, a report on an experimental study which proved this operation to be 
possible and useful (N. K. Galankin). 

On April 3, 1956, at the Institute of Thoracic Surgery of the Academy of 
Medical Sciences of U.S.S.R., the first anastomosis between the superior vena 
cava and the pulmonary artery had been made successfully in a boy of 15 
(Prof. E. N. Meshalkin). The patient’s condition began to improve rapidly 
following the operation. Cyanosis disappeared completely after 3 days. In a 
fortnight’s time, hemoglobin content of the blood dropped from 130 per cent 
to 80 per cent. In a month’s time, oxygen saturation figures of the arterial 
blood rose from 75 per cent to 90 per cent. The-patient was discharged in good 
condition, which is maintained to this day. Since then 41 such operations have 
been performed at the Institute of Thoracie Surgery. 

As the technique of the operation has been described in detail before (E. N. 
Meshalkin, 1956; N. K. Galankin and co-workers, 1957), we shall deal with it 
but briefly. . 

To facilitate dissection of the blood vessels a 14 per cent solution of Novo- 
eain is injected into the lung hilum and the mediastinum along the superior 
vena cava. The mediastinal pleura is incised longitudinally above the superior 
vena cava and vein is exposed by blunt dissection some 5 to 6 em. above its 
union with the pericardium. The pericardium is then incised longitudinally 
and the intrapericardial section of the vein is exposed as far down as its union 
with the right ventricle. The azygos vein is tied and severed. Following this, 
the right branch of the pulmonary artery is dissected out as far as its point 
of emergence from the main trunk; thick silk stays are placed on the upper and 
lower lobar branches of the artery to prevent the blood reflux from the lung. 
The artery is then tied at its point of emergence from the main trunk by double 
silk ligature and eut (Fig. 1). As most of the disorders of hemodynamices, lead- 
ing to cerebral hypoxia, are related to the temporary occlusion of the superior 
vena eava, all manipulations on the latter are performed last and must be ear- 
ried out with utmost speed. A hook-shaped clamp is placed on the superior 
vena cava distal to the site of the proposed anastomosis. The vein is then tied 
where it joins the right atrium and cut above the ligature. In order to speed up 
and facilitate ligation we use a special stitcher which places automatically two 
rows of tantalum staples on the superior vena cava (Fig. 2). 

An end-to-end anastomosis is then placed between the peripheral ends of 
the superior vena cava and the pulmonary artery with the aid of continuous, 
U-shaped, everting sutures first on the posterior, then on the anterior wall of 





Volume 37 SURGERY FOR CERTAIN CONGENITAL DEFECTS OF HEART 695 


Number 6 


the anastomosis (Figs. 3 and 4). Once the vein clamp and the artery stays are 
removed no bleeding is seen as a rule; some oozing of blood through the needle 
punctures may be observed. It stops of its own accord. Once the clamp is off, 
one can observe good filling of the anastomosis and the branches of the 
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Fig. 1—The right branch of the pulmonary artery and the superior vena cava have 
been dissected out. The latter is pulled upward with the aid of a rubber tube passed around 
+ The pulmonary artery is dissected far into the posterior mediastinum, up to the bifurca- 
ion. 

Fig. 2.—The pulmonary artery has been sectioned. Its tied stump is seen well inside 
(in the posterior mediastinum). The superior vena cava is clamped with a hooked clamp 
(left) and sutured by means of a mechanical stitcher (right). 


pulmonary artery. Increased filling and tension of the superior vena cava 
diminish as soon as the anastomosis begins to function, although they still remain 
more marked than before the placing of the anastomosis. 

As can be seen from the above description, the technique has no insuperable 
difficulties and the operation can be performed by a surgeon who has mastered 
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However, it is impossible to assess the difficulties and dangers 


vascular sutures. 
of the operation on the basis of experimental evidence alone. 

It must not be forgotten that these operations are performed on very ill 
patients with complicated lesions of the heart and marked myocardial changes. 


Fig. 3.—The moment of suturing the distal ends of the superior vena cava and the right 
branch of the pulmonary artery. After placing two U-shaped stays at the corners, the pos- 
terior walls of the vessels are sutured by means of a continuous, U-shaped, everting suture. 
Fig. 4.—The posterior wall suture has been tightened and fastened by tying the thread 
to the corner stays. The moment of suturing the anterior walls of the vessels by a continu- 
ous, U-shaped, everting suture. 
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Marked hypoxia, affecting the functions of all the organs, including the brain, 
constitutes the most severe disorder in these diseases. Every manipulation that 
decreases the oxygenation of blood or upsets the circulation in these patients 
will be dangerous. Unfortunately, a number of such disorders will arise during 
the operation just described. Besides the significance of surgical trauma, espe- 
cially during the dissection of the superior vena cava and the pulmonary artery, 
two particularly dangerous moments deserve to be mentioned. 

These are, first of all, the occlusion and section of the right pulmonary 
artery, leading to a considerable drop in oxygen saturation of the blood in the 
already very hypoxie patient. Second, the more or less prolonged occlusion of 
the superior vena cava, which leads to marked congestion in the upper half of 
the body, causes tissue edema and, at times, catastrophic changes in the gaseous 
metabolism of the brain. . 

Observation of patients during the operation reveal marked hemodynamic 
changes, especially after the clamping of the superior vena cava. Arterial blood 
pressure in all these patients drops somewhat while the superior vena cava and 
the pulmonary artery are being dissected out. Clamping of the superior vena 
cava causes no further drop. But the venous blood pressure, at this moment, 
shoots up to 500 to 600 mm. HO. Oxygen saturation begins to drop during 
the dissection of the major vessels, which is explained by their temporary oc- 
clusion during this stage of the operation. Oximeter readings show a more 
marked drop when the pulmonary artery is tied and especially when the su- 
perior vena cava is clamped. At this moment, the oximeter readings go down 
from 90 per cent to 30 per cent and even beyond. Once the clamp on the su- 
perior vena cava is off and the newly created anastomosis starts to function, 
the blood oxygen figures begin to rise and return rapidly to their initial level. 

Electroencephalographie studies, carried out during these operations, reveal 
the presence of typical changes. During the placing of the anastomosis, signs of 
hypoxia and hypereapnia of the brain supervene. Depression of the brain cen- 
ters progresses. Voltage is decreased and silent zones make their appearance. 
After removal of the clamp from the superior vena cava all these phenomena 
disappear gradually. 

Thus, it must be admitted that the most critical period for the patient is 
the moment when the superior vena cava is clamped, during which hypoxia is 
at its highest. Marked eyanosis supervenes at this moment, turgid facial edema, 
exophthalmos and, a few minutes later, petechial hemorrhages on the face and 
the upper half of the body as well as a lymph discharge from the nose. Edema, 
if all goes well, disappears in the first 24 hours. Aecording to N. K. Galankin 
and G. M. Darbinian, the dogs withstand the clamping of the superior vena 
cava up to 40 minutes very well. This is confirmed by our own experimental 
data. Patients with cyanotic heart lesions require very swift handling indeed. 
Hence, the importance of improving the vascular anastomosis technique. 

It is true that the analysis of our data fails to reveal direct relationship 
between the clamping time of the superior vena cava and the end result of the 
operation; however, it is unlikely that such a confirmation is at all possible 
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without due consideration of the severity of each patient’s condition, and the 
degree of severity is not always easy to assess, let alone to be able to make a com- 
parison in different patients with the use of the methods now available. 

If we exclude deaths due to accidental causes and imperfect technique, the 
clamping time of the superior vena cava in patients who died after the opera- 
tion varied between 13 and 26 minutes. On the other hand, in patients who 
had stood the operation well the clamping time varied between 14 and 30 min- 
utes. Minimum clamping time in our series of operations was 13 minutes, 
maximum—30 minutes. 

To cut down on the time required for the placing of anastomosis, special 
rings made of stainless steel (Donetsky) are used at the Vishnevsky Institute 
of Surgery. We use for the same purpose a blood vessel stitcher constructed 
by the Institute of Surgical Instruments and Apparatus of the Ministry of 
Health of U.S.S.R. With the aid of this apparatus, it is possible to place the 
anastomosis in 5 to 6 minutes. This method, besides saving time, has definite 
advantages over the manual suturing of vessels by leaving behind a material 
that causes but minimum reaction in tissues (tantalum), by ensuring perfect 
approximation of the intima of the vessels sutured without the sutures pene- 
trating into the lumen of the blood vessels and, mainly, by creating an obstacle 
to the subsequent expansion of the anastomosis as the blood vessels grow in size. 

An excerpt follows from the case history of a child, aged 5, operated upon 
for Fallot’s tetralogy by the method just described. 


CASE REPORT 


The child, M., was admitted to the Institute of Thoracic Surgery on Jan. 18, 1958, com- 
plaining of dyspnea and marked cyanosis. Diagnosis of heart disease had been made a few 
days after birth. Dyspnea and cyanosis increased as the child grew. Dyspnea often forced 
him to squat. 

Examination revealed the presence of cyanosis of lips and fingernails; clubbed fingers; 
respirations, 24; pulse, 104; blood pressure 100/75 mm. Hg; a rough, systolic murmur over 
the precordial region with maximum intensity in the third and fourth interspaces to the left 
of sternum; murmur radiates freely along the cervical blood vessels; hemoglobin, 134 per 
cent (23.3 Gm.); red blood cells, 6,500,000. 

An electrocardiogram showed impairment of intracardiac conduction, myocardial lesions 
of the right ventricle, and sinus tachycardia. 

A roentgenogram of the chest (Fig. 5) showed light lung markings, heart enlarged in 
transverse diameter, heart waist markedly accentuated, apex displaced to the left, dextro- 
position of the aorta. Angiocardiography and cardiac catheterization confirmed the diagnosis 
of Fallot’s tetralogy and infundibular stenosis of the pulmonary artery of the tubular type. 

Anastomosis between the superior vena cava and the pulmonary artery was made, which 
was all the more indicated as the patient had dextroposition of the aorta. The technique 
described above was adhered to. The anastomosis was made with the aid of a stitcher with 
tantalum staples. The anastomosis was over 1 cm. in diameter and its function was good. 
The operation lasted 1 hour and 30 minutes. 

Hemodynamic and other physiologic changes during the operation were typical for 
operations of this type. While the anastomosis was being placed, the blood pressure fell 
from 90/70 to 80/50 mm. Hg. Oxymetry readings went down from 84 per cent to 50 per 
per cent. After ligation of the pulmonary artery, the electrocardiogram showed moderate 
hypoxia, inconstant group extrasystoles and slowing of the pulse from 150 to 128 per minute. 
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At the moment of clamping of the superior vena cava, the electroencephalogram regis- 
tered marked hypoxia and hypercapnia lasting 20 to 25 seconds. During the placing of the 
anastomosis, signs of progressive depression of the nervous centers was evident with decrease 
of voltage and appearance of silent zones. With the clamp off, signs of cerebral hypoxia 
and hypercapnia decreased in from 1 to 1.5 minutes and gradually disappeared entirely after 
4 to 5 minutes. 

The patient was taken to the postoperative ward with a blood pressure of 120/90 mm. 
Hg. There was considerable edema of the face which persisted for 24 hours. 

The postoperative course was smooth. Cyanosis began to decrease from the first post- 
operative day and disappeared entirely by the time of discharge. Hemoglobin dropped from 
136 per cent to 95 per cent. The child was discharged 17 days after operation in satis- 
factory condition. 

As will be seen from Figs. 6 and 7 the lung markings, as compared with the preoperative 
film (Fig. 5) have increased due to improved circulation of the right lung; the same may be 
observed when comparing it with the left side. . 


: 


Fig. 5.—Chest roentgenogram of Patient M., aged 5, before operation. 


Note the shadows of metal staples, forming a circular shadow consisting of separate 
staples, which project themselves against the seventh and eighth thoracic vertebrae. The 
shadow corresponds to the site of the vascular anastomosis. Another shadow below corresponds 
to the sutured stump of the proximal part of the superior vena cava. 


Out of 41 patients operated upon, 14 died during the operation or in the 
postoperative period (4 on the operating table), 7 in the first 24 hours post- 
operatively, 1 on the second day, 1 on the third day, and 1 on the forty-fifth 
day. This relatively high mortality rate may be explained not so much by the 
surgical trauma itself as by the imperfect technique and anesthesia, which, 
during the period described, were being perfected for the above operation. 
Thus, in 6 cases death supervened on the operating table through acute hemor- 
rhage, or else in the immediate hours following the operation. In 2 cases, death 
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was caused by acute hypoxia due to the poor function of the anastomosis, as 
there was too great a disparity between the lumina of the anastomosed vessels 
(marked stenosis of the pulmonary artery). Under these conditions, the placing 





Fig. 6.—Chest roentgenogram of Patient M. after operation. 


Fig. 7.—Chest roentgenogram of Patient M. after operation. Tantalum staples are seen 
at the site of vascular anastomosis and on the stump of the superior vena cava. 


of the anastomosis lost its value and could only make the patient’s condition 
worse. Thus, in 8 cases out of 14, postoperative mortality could be explained 
by defects of surgical technique and by wrong indications for surgery. Out of 
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the remaining 6, 1 died from acute cardiovascular insufficiency, 4 from cerebral 
hypoxia and one, 45 days after the operation, from pyofibrinous pericarditis 
which had caused thrombosis of anastomosis. 

It is difficult to say to what extent brain hypoxia was related to faulty anes- 
thesia; it is necessary to stress, however, particular importance of anesthesia 
for this operation. Electroencephalographie monitoring of these patients dur- 
ing surgery has shown that, with the clamping of the superior vena cava, anes- 
thesia deepens, in spite of the fact that the dose of the anesthetie is not in- 
creased. This fact, most probably, reflects the increasing hypercapnia of the 
brain centers which leads to the deepening of anesthesia. We, therefore, switch 
off ether entirely a few minutes prior to clamping the superior vena cava and 
do without it while the anastomosis is being placed. 


F’ 


Fig. 8.—Angiocardiogram of Patient G., aged 16, after operation. Anastomosis between the 
pulmonary artery and the superior vena cava, 


The postoperative course was smooth in patients who stood the operation 
well. They leave the operating theater with marked cyanosis and edema of the 
face. The face and the upper half of the body are covered with petechiae in 
the majority of instances. As a rule, edema and marked cyanosis recede with 
the next 24 hours. It is to be noted that the improvement from this operation 
sets in much later than in patients with aorto-arterial anastomosis. This im- 
provement progresses gradually and by 2 to 3 weeks later the full effect of the 
operation may be seen—disappearance of dyspnea and cyanosis, decrease of 
hemoglobin, improvement in gaseous metabolism and electroeardiographie data. 
The angiocardiogram (Fig. 8) is of a lad of 16 years of age and shows the 
function of the anastomosis. The contrast medium, after filling the right in- 
nominate artery and the moderately dilated superior vena cava, enters the right 
pulmonary artery in a wide jet and fills its branches. 
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Distant results were checked by us in 16 children up to 2 years postopera- 
tively. Out of 16 children, 14 had good results and in only 2 was the improve- 
ment slight. It should be noted that these 2 children belonged to the group 
with more severe disease. All the 14 children who showed good results were 
enabled to walk and run freely (what they could not do prior to operation) ; 
in 8 of them slight dyspnea supervenes upon running, but this does not seem 
to bother them much; 5 children use a bicycle. In 6 children, clubbing of 
fingers disappeared entirely and in 8 the sign has markedly decreased. The 
size of the heart has not altered in any of the 14 children. Auscultatory data 
have remained the same as before the operation. It is important to note that in 
no single instanee of good postoperative results was there any subsequent de- 
terioration which is in contrast to what we have seen in a number of cases 
subjected to the Blalock-Taussig or Potts anastomosis. 

Although our experience with the surgical treatment of congenital heart 
disease with insufficiency of pulmonary circulation by anastomosing the superior 
vena cava and the right branch of the pulmonary artery is modest, we feel 
justified in drawing the following conclusions. 

1. The placing of a vena ecava-pulmonary anastomosis for the treatment of 
patients with insufficiency of pulmonary circulation has demonstrated its use- 
fulness and effectiveness in the treatment of such cardiac lesions. 

2. This operation is not excessively complicated and can be performed by 
any thoracic surgeon who has mastered the technique of vascular suture. 

3. The advantages of this operation as compared to the interarterial anas- 
tomoses are as follows: (a) decrease in the overload of the right ventricle; (b) 
decrease of the overload in the system of the pulmonary artery, which leads to 
the subsequent sclerosis of the pulmonary vessels; (¢) considerable increase of 
the quantity of oxygenated blood; (d) avoidance of recirculation of the blood 
through the interarterial anastomosis; and (e) avoidance of endarteritis, which 
supervenes occasionally at the site of interarterial anastomosis. 
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CEREBRAL CHANGES DURING CARDIORESPIRATORY BYPASS 
USING THE HELIX RESERVOIR BUBBLE OXYGENATOR 


Nazih Zuhdi, M.D.,* Walter Joel, M.D.,** John Carey, M.D.,*** Mary Lou 
Faggella, and Allen Greer, M.D.,**** Oklahoma City, Okla. 


N examination of the brains of 3 dogs folldwing partial perfusion with a 

DeWall bubble oxygenator and the arterial catheter placed in a carotid 
artery, Giannelli, Molthan, Best, Dull, and Kirby found lesions characteristic 
of embolism and infarction in all 3. Disquieted by these findings, the follow- 
ing experiments were performed in order to study the gross and microscopic 
changes that occur following total cardiopulmonary bypass using the helix reser- 
voir bubble oxygenator. 


METHODS 


Eight mongrel dogs, weighing from 15 to 25 Kg., were anesthetized , with 
Pentothal sodium and the trachea was intubated. Following right thoracotomy, 
plastic catheters were inserted into the superior and inferior venae cavae and 
occluding tapes placed around them. The arterial catheter was placed in either 
the carotid or femoral artery. A DeWall-Lillehei bubble oxygenator? was 
primed with heparinized blood. The arterial filtert was not used during the 
last four perfusions. Heparin (2 mg./Kg.) was injected intravenously, per- 
fusion was carried out for 30 minutes at a flow rate from 40 to 50 ¢.c./Kg. of 
body weight, and an interatrial defect created and closed. Protamine sulfate 
(4 mg./Kg.) was given at the end of the perfusion. 

Seven animals were sacrificed one week following perfusion and one dog 
expired on the first postoperative day. The brains were carefully removed and 
immersed in neutral 10 per cent formalin for 3 weeks. The meninges were in- 
spected, surface cortical alterations noticed (edema, changes in sulei and gyri, 
softening and hemorrhage), and the base of the brain was examined. Coronal 
sections were cut to include the cortex, basal ganglia, brain stem, thalamus, 
hypothalamus, medulla and cerebellum. Hematoxylin and eosin, galloecyanin 
(Einarson), Kliiver, Holzer, and Bodian stains were used. 

Received for publication Nov. 4, 1958. 

Supported by a grant from The Oklahoma State Heart Association. 

*Present address: 430 NW 12, Oklahoma City, Okla. 

**Professor of Pathology, Oklahoma University Medical School, Oklahoma City, Okla. 

***Instructor in Surgery, Oklahoma University Medical School, Oklahoma City, Okla. 

**** Assistant Professor of Surgery, Oklahoma University Medical School, Oklahoma City, 


Okla. 
{Double metal filter graciously supplied by Abbott, North Chicago, IIl. 


703 





ZUHDI, JOEL, CAREY, FAGGELLA, GREER J. Thoracic Surg. 


June, 1959 


RESULTS 


On gross examination, no cerebral changes were seen in any dog. Micro- 
seopically, no lesion characteristic of embolism or infaretion could be detected in 
any brain. However, cellular alterations were noticed in 2 dogs (No. 3 and 
No. 8). They were few, slight, and preponderantly present in the ganglion 


Fig. 1.—Swollen ganglion cells in some areas in the brain of Dog No. 3. Note the presence 
of nuclei. 


TABLE I. SUMMARY OF CEREBRAL CHANGES IN 8 DoGS PERFUSED USING THE METHOD OF 
LILLEHEI 








MICROSCOPIC 
DOG GROSS EMBOLISM OTHER MICROSCOPIC 
NUMBER CHANGES | OR INFARCTION CHANGES 
Group 1. Arterial cath- 1 None None Slight hyperemia of 
eter in carotid artery; meningi 
filter used 2 None None Mild satellitosis around 
ganglion cells in some 
areas of cortex 





Group 2. Arterial cath- None Some swollen ganglion 
eter in femoral artery; cells (Fig. 1) 
filter used None None 


Group 3. Arterial ecath- None None 
eter in femoral artery ; None None 
no filter used None None 
None Some angulated gan- 
glion cells (Fig. 2) 





*Died the first postoperative day. 
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cells of the motor nuclei in the brain stem. They consisted of ballooning of 
ganglion cells in some areas (Fig. 1) and shrinkage and angulation in others 
(Fig. 2). However, no demyelinization was detected with Kliiver stain and 
no gitter cells, ‘‘fat droplet containing phagocytes,’’ were seen. No changes 
were noticed in the cerebellum, especially in the Purkinje cells. The findings 
are summarized in Table I. 


Fig. 2.—Shrunken and angulated ganglion cells as seen in few areas in the brain of Dog No. 8. 


DISCUSSION 


Under the conditions prevailing during these experiments, lesions charac- 
teristic of infarction or embolism could not be detected. There were no areas 
of softening, liquefaction, or hemorrhage. The site of the arterial catheter or 
the absence of a filter did not affect the findings. These results are at a con- 
siderable variance with those reported by Giannelli and associates. It is pos- 
sible that the alterations seen by these workers were due to the longer duration 
of their experiments. 

Hypoxie changes in the brain are best noticed in the Betz cells, Purkinje 
cells, and in the ganglion cells of the hippocampus (Sommer’s section). These 
particular cells were well preserved. The observed changes were few, slight, 
and in 2 dogs only. They are probably related to the low perfusion flows. 
Disruption of the blood-brain barrier as described by Hodges and his co-workers* 
is considered a more sensitive index of cerebral alteration than are histologic 
changes. The absence of demonstrable cerebral air embolism by the vacuum 
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technique of Schubert has been discussed by Heimbecker.* Certainly the ab- 
sence of significant histologic changes adds some reassurance to the already 
proved safety of the DeWall bubble oxygenator. 


SUMMARY 


A DeWall bubble oxygenator did not cause any detectable gross changes in 
the brain of 8 dogs perfused for 30 minutes at a flow rate from 40 to 50 ¢.ce./Kg. 
Microscopically, no lesions characteristic of embolism or infarction were seen, 
whether the arterial catheter was placed in the carotid or femoral artery and 
whether or not a filter was used. Changes compatible with hypoxia were ob- 
served in 2 dogs. 


Deepest appreciation is expressed for the help of Dr. Robert Faggella, Mrs. Peggy 
Johnson, and Miss Jerry Tucker. 
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NEW METHOD FOR SYSTEMIC ARTERIAL PERFUSION 
IN EXTRACORPOREAL CIRCULATION 


Luis E. Nunez, M.D., and Charles P. Bailey, M.D., Philadel phia, Pa. 


Rk since extracorporeal circulation for open-heart surgery was first initiated, 
a eritical question has been the technique for establishment of an adequate 
perfusion of the arterial system. . 

For this purpose, cannulization of the subclavian artery and/or the femoral 
artery has been performed, but limitations have been encountered occasionally in 
their use due to the small diameter of these arteries, especially in infants. Even 
in adults, the largest femoral artery has only allowed the passage of a No. 28 
Fr. Bardic catheter. The problem has been accentuated by the recent trend 
toward higher flows in an attempt to achieve a near normal volume of perfusion. 
In addition, there is no doubt that a small catheter may create turbulence of the 
blood due to the high velocity necessary inside the catheter and, as a consequence, 
hemolysis of the red cells and destruction of the other sensitive elements of the 
blood may become manifest. 

The necessity for finding another method of arterial perfusion was patent. 
Suture of a side arm to the aorta as suggested by Dodrill' appears too time 
consuming. Consequently, a new instrument (Fig. 1) for direct aortic cannuli- 
zation has been designed by one of us (Luis E. Nufiez) and found useful in 
actual clinical trial. This clamp* permits quick insertion of a large catheter 
into the thoracic aorta. The instrument has been constructed in various sizes 
to permit the use of catheters from No. 12 Fr. to No. 40 Fr. With these clamps, 
full circulatory flow rates are attainable in all cases from the infant to the 
adult. 

This clamp has also been found useful when an emergency bypass is re- 
quired. This occurred recently during a nonopen-heart operation on a patient 
in whom cardiac arrest occurred. In a very short time a bypass was established 
and the arrest overcome. A slight modification of this clamp permits rapid in- 
sertion of a catheter through the atrial wall for caval eannulization. 


TECHNIQUES 


Insertion of the catheter with the clamp is simple and requires only a 
fraction of the time needed for femoral or subelavian artery cannulation. When 
the chest has been opened (to perform the main operation), an ordinary 

Received for publication Nov. 5, 1958. 

*Made by George Pilling of Philadelphia, Pennsylvania. 
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Fig. 1—A, Photograph showing the four sizes (Nos. 40, 30, 24, and 12) of Bardic 
aes | and the clamps which fit them. B, stati of technique of application of clamp 
o catheter. 
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curved Potts clamp, Beck aortic, or Satinsky clamp is placed on the anterior 
wall of the aorta to exclude a small area. Then, with a bistoury-type pointed 
blade (such as Bard-Parker, No. 11), an incision is made in the area excluded 
to permit the passage of the catheter which has been selected. After the tip of 
the catheter has been placed in the small incision, the excluding clamp is re- 
moved, the catheter advanced, and the Nufiez clamp is applied. This holds the 
catheter firmly in place and prevents leakage of blood (Fig. 2). The whole 
procedure requires approximately 30 seconds. 


1 





Fig. 2.—Diagram of the four steps for inserting the artificial perfusion catheter into the 
aorta. 


At the end of the bypass, the above steps are taken in reverse order. The 
Nufiez clamp is released slightly and the catheter slipped out until only the tip 
is inside the aorta. The Satinsky or Potts clamp is applied as the catheter is 
removed completely, and the aortic incision is sutured. 

A description of the first case in which we employed the clamp follows. 


CASE REPORT 


C. B., a 22-month-old white male, was found to have a heart murmur at 5 weeks of age. 
Almost since birth it had been noted that he “grunted” at feeding time and after exertion. 
However, no cyanosis had been present. His mental and physical growth had been slow and 
on admission he could not sit or stand without assistance. 
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Physical examination revealed a small but well-developed white infant with no cyanosis 
or clubbing. He had grunting respiration. There was a moderate increase of the head size 
and the anterior fontanel was widely open. The lungs were clear. There was a palpable thrill 
over the third and fourth left anterior interspaces. A blowing systolic murmur (Grade 3) was 
audible in the same area. 

X-ray examination of the heart revealed 2 plus enlargement of the right ventricle and 
increased vascularity of the lung fields. The electrocardiogram suggested right ventricular 
hypertrophy. Right heart catheterization revealed data consistent with ventricular septal de- 
fect, with pulmonary hypertension. Skull films revealed findings suggesting internal hydro- 
cephalus. 

Operation, performed on Aug. 28, 1958, consisted of open ventriculotomy with extra- 
corporeal circulation. Because the femoral arteries were minute in size, the ascending aorta 
was cannulated with a No. 22 Fr. Bardie catheter, employing the Nuiiez clamp as previously 
described. The venae cavae were cannulated individually through the right atrial appendix. 
A blood flow of 600 ¢.c. per minute was easily obtained. 

There was a 1 em. defect in the membranous portion of the intraventricular septum, 
which was closed with an Ivalon patch. The total bypass time was 34 minutes. The patient 
withstood the procedure well and was taken to the recovery room in satisfactory postoperative 
condition. 


Since then, this technique of cannulation has become more and more com- 
monly employed at our clinic. ; 


SUMMARY 


A new instrument has been devised and employed clinically which allows 


rapid insertion of a catheter into the thoracic aorta. This clamp has been found 
valuable in obtaining a high extracorporeal flow rate, particularly in small 
infants. 
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THE FATE OF PERICARDIAL PEDICLE GRAFTS USED IN A FIXED 
POSITION IN VARIOUS CHAMBERS OF THE DOG HEART 


Derward Lepley, Jr., M.D.,* Paul F. Hausmann, M.D., and 
Wilson Weisel, M.D., Milwaukee, Wis. 


ECAUSE of its structure, proximity, and ready accessibility, the pericardium 

has been frequently utilized for experimental repair of various lesions of 

the heart. In 1952, Bailey’ used rolled pedicle and ‘‘flap-like’’ sheets of peri- 

cardium to repair acute interventricular septal defects in dogs which were pro- 

duced by a closed method. All of these grafts became atrophic thickened cords 
of fibrous tissue and failed in their purpose. 

The same year, Glover* reported experimental use of a tubed pedicle of 
pericardium to close atrial and ventricular septal defects and to augment mitral 
valve closure in insufficiency. Here, too, grafts placed in the ventricular cham- 
bers and septum showed degenerative changes and replacement by saree tissue 
after periods of as long as 16 weeks. 

Moore,® in 1953, used pericardium as a free graft and as a pedicle to form 
a sling across the ventricle to correct experimental atrioventricular insufficiency. 
He noted greater contracture and rigidity in those grafts placed across the left 
ventricle than in those placed across the right ventricle. He also noted less 
acellularity and degeneration in the pedicle than in the free grafts. 

In 1954, Bailey? reported clinical experience in correction of mitral in- 
sufficiency by means of pericardial slings extending across the ventricle or used 
as plicating sutures through the leaflets. Here, too, the results were disap- 
pointing because of degeneration and replacement by fibrous tissue with re- 
sultant contracture. 

In most studies the graft has been placed as a mobile structure in a rela- 
tively high pressure chamber. The following study was carried out to deter- 
mine the fate of pericardial pedicle grafts sewn into acute defects in the septa 
in high pressure (ventricular), low pressure (auricular) chambers, and in the 
outflow tract of the right ventricle. The graft and pedicle were threaded 
through the septum to close the septal defects and all were considered to be in 
a fixed position. 


From the Department of Surgery, bees ih agg J aati School of Medicine and Wood 
Veterans Administration Hospital, Milwaukee, 

This project was supported in part by a Teaietiani grant from the Wisconsin Heart 
Association. 

Received for publication Nov. 7, 1958. 

*Presently Research Fellow, National Heart Institute, University of Minnesota. 
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METHOD AND MATERIALS 


Unprepared mongrel dogs were used in all experiments. Sodium Pentothal 
was used in amounts adequate to maintain light anesthesia. A right thoracotomy 
was performed and the venae cavae encircled with tapes. A femoral artery was 
cannulated for arterial return from the extracorporeal circuit. Cannulae drain- 
ing the venae cavae were brought through the right atrium and connected to 


Fig. 1.—Method of placement of pericardial pedicle grafts in each of the three groups 
of experiments. 

1, Pedicled graft picked up by a ligature carrier to be pulled through the ventricular 
septum. 2, The graft is sutured in place. 3, The graft and pedicle are pulled through the 
interauricular septal plane and sutured into the defect. 4, The pedicled graft sewn into posi- 
tion in the outflow tract of the right ventricle. 


a gravity drainage reservoir. Complete heart-lung bypass was carried out by 
means of a Sigmamotor finger pump, developed at the University of Minnesota, 
and a plastic sheet oxygenator.* Prior to cannulation, heparin was given in- 
travenously in the amount of 1.5 mg. per kilogram of body weight. Following 
bypass, protamine was given in a dosage equal to twice that of the heparin ad- 
ministered. At completion of the cardiac operation, the chest was closed and 


*Travanol Laboratories, Morton Grove, IIl. 
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tubes brought out for subaqueous drainage. The tubes were removed after 
drainage ceased and the lungs were expanded. Three groups of experiments 
were carried out. 


Group I.—A right ventriculotomy was performed and an 11 mm. defect 
created high in the anterior muscular septum with a cork borer (Fig. 1, 1 and 
2). The previously tailored pedicle of pericardium was pulled through the 
septum and ventricular wall with a ligature carrier. The pedicle graft was then 
sutured over the defect with interrupted 4-0 silk sutures and the ventriculotomy 
closed. It was not necessary to place: sutures at the site of entry of the graft 
in the ventricular wall. 


Group II.—A right auriculotomy was performed and a 1 em. area of the 
auricular septum was removed. Under direct vision, a ligature carrier was 
passed through the plane of fusion of the auricular septum and the pedicle 
graft brought into the defect (Fig. 1, 4). This graft was then sutured into 
place with interrupted 4-0 sutures and the auriculotomy closed. 


Group III.—A right ventriculotomy was performed and a tailored pedicle 
of pericardium was used to close the ventriculotomy in the outflow tract. The 
graft portion was 2 em. wide and 3 em. long. Continuous sutures of 4-0 arterial 
silk were used to suture the graft to the myocardium (Fig. 1, 3). 

Ail animals that survived were sacrificed 6 months after operation and 
autopsy was performed. The heart was carefully examined grossly, photo- 
graphed, placed in formalin, and subsequently sectioned for microscopic study. 


Sections were cut through the graft site and through the pedicle. These were 
studied grossly and microscopically using hematoxylin and eosin stains for evi- 
dence of survival of the graft, calcium deposition, and degree of circumferential 


searring. 


RESULTS 


Group I.—Twenty-four animals were operated upon and 11 of them sur- 
vived 6 months. Of the remainder, 6 succumbed on either the day of surgery 
or the first or second postoperative day due, in most cases, to bleeding or pul- 
monary complications. Six animals succumbed 3 days to 3 weeks after opera- 
tion, 3 of empyema and 3 of distemper. 

All animals were autopsied and in every instance the defect was completely 
closed. No evidence of ante mortem thrombus was found in those suceumbing 
early or upon sacrifice. Table I depicts the pertinent gross and microscopic 
findings in all three groups. It is noteworthy that shrinkage of the graft oc- 
curred in about 50 per cent of animals in Group I. In no instance was a smooth 
flat surface seen either on the right or left ventricular side of the defect (Fig. 
2). Calcium deposition was seen grossly in three instances and additionally in 
three others microscopically. 

The pedicle of the graft was identified grossly in 6 and microscopically in 
5 of the animals. In the remaining 5, it had become incorporated into the 
searred adherent pericardium and could not be identified. 
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Microscopically, there was rather intense fibrous tissue proliferation about 
the graft extending a variable distance into the myocardium (Fig. 2, B). 
Chronic inflammatory reaction about the silk sutures was pronounced. In the 
sections through the pedicle within the ventricular wall and septum, the pedicle 


“4 


Fig. 2.—Heart of Dog No. 59 sacrificed 6 months after placing a pedicled pericardial 


& 
graft in ventricular septal defect. 

A, The right ventricle is opened. The septal defect in the center is healed and a mound 
of a fibrous connective tissue has replaced the graft. The healed ventriculotomy 
is at left. 

B, Photomicrograph showing the healed defect in cross section. 


was seen as a rounded mass of fibrous tissue with little reaction around it, but 
endothelium could not be identified. In each instance the graft was replaced 
by a large mass of fibrous connective tissue showing little cellularity and in 
some instances elevated above the septum 3 to 6 mm. Thrombosed vessels were 
not seen in any of the sections. 
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Group II.—Auricular septal defects were made in 13 animals and were 
closed with pericardial pedicle grafts. Of these, 7 survived 6 months and were 
sacrificed for study. The remainder died from one day to 3 weeks following 
operation from the effects of surgical heart block, bleeding, or:from infection. 


B. 


Fig. 3.—Heart of Dog No. 73. Atrial septal defect closed with pedicled pericardial 
graft. Sacrificed after 6 months. 

A, Right atrial septum. The defect is well healed and scarring at the margins is 
not marked, 

B, Left auricular septum. 
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In all animals, the defects were found to be closed at the time of death. 
On gross examination, marginal scarring and shrinkage of the graft were found 
to be minimal in the 7 surviving 6 months (Fig. 3). In 4 of the 7, the graft 
and its margins were soft and pliable. The other 3 presented some rigidity 
and thickening on palpation. In all but one, the graft pedicle was easily found 
in the interauricular plane. Microscopically, the graft showed a normal cellu- 
larity except for moderate infiltration with fibroblasts and collagen deposition 
with minimal adjacent scarring as compared to those placed in the ventricular 
septum. In one instance, calcium deposition was seen and in another there was 
moderate scarring which appeared to be related to use of too many silk sutures. 
The pedicle was identified in the septal plane in all but one dog. 


Fig. 3.—Cont’d. C, Photomicrograph showing a cross section of the graft and pedicle. 
og pedicle is the white mass of fibrous tissue extending away from the defect in the upper 
eft corner. 


Group III.—A pericardial pedicle graft was placed in the wall of the out- 
flow tract of the right ventricle in 10 animals. Five survived 6 months and 
were sacrificed for study. The other 5 animals bled to death because of the 
technical difficulty of obtaining adequate closure between the myocardium and 
the relatively fragile dog pericardium. 


In all surviving animals, shrinkage of the graft was marked, particularly 
in the lateral plane. The graft was found to be a thickened cord reduced from 
an original 2 em. to about 0.5 em. In no instance was aneurysmal dilatation 
seen. The pedicle of the graft could not be traced grossly nor microscopically 
in any of the 5 animals (Fig. 4). Cross sections of the grafts revealed dense 
acellular fibrous tissue which separated the myocardial edges only 4 to 6 mm. 
as was noted grossly. 
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DISCUSSION 


The fate of pericardial pedicle grafts in a ‘‘fixed’’ position as opposed to 
mobile grafts (such as transventricular slings) is determined to large extent 
by the pressures in the chambers in which they are placed. 

Minimal fibrous tissue reaction with resultant scarring contracture was 
seen in those grafts placed in the auricular septum, whereas marked scarring 
resulted with the grafts placed in the ventricular chambers. These findings 
closely correlate with the evidence supplied by other workers. 


Fig. 4.—Heart of Dog No. 82 showing the fibrous tissue replacement of a graft, 2 cm. 
wide by 3 cm. long, used to bridge the outflow tract of the right ventricle. The animal 
was sacrificed 6 months after operation. 

It seems possible that any tissue placed in such a position under a pressure 
higher than its capillary pressure would be deprived of arterial supply and 
venous drainage, and could be expected to degenerate with consequent replace- 
ment by fibrous connective tissue. 

As a result of these studies, it is concluded that a pedicle pericardial graft 
would be a reasonable prosthesis for use in closure of interauricular defects in 
human subjects. 


SUMMARY 


1. Pedicle pericardial grafts were used to close auricular and ventricular 
septal defects and to enlarge the outflow tract of the right ventricle in dogs. 

2. Grafts in the ventricular septum and in the outflow tract of the right 
ventricle showed marked tissue reaction, degeneration, and were replaced with 
avascular connective tissue after 6 months. 

3. Similar grafts placed in the auricular septum survived without con- 
tracture, and fibrous tissue reaction was minimal after 6 months. 
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CARDIAC TAMPONADE AS A COMPLICATION OF 
LEFT HEART CATHETERIZATION 


Kamta P. Sinha, M.D.,* and Edward A. Fitch, M.D.,** 
Philadel phia, Pa. 


N a recent report, Kavanagh-Gray and Drake’ reviewed the complications of 

left heart catheterization. Seven deaths were reported in a series of 490 
eases. One death was due to cardiac tamponade as a result of inadvertent 
puncture and tear of the ascending aorta.2, Three more cases of cardiac 
tamponade were reported; however, the exact cause of tamponade was not 
mentioned. We are reporting 2 cases of massive cardiac tamponade as a compli- 
eation of left heart catheterization presenting some very unusual features. 


CASE REPORTS 


Case 1.—E. G., a 24-year-old white man, entered the Hahnemann Hospital on Aug. 12, 
1958. His only complaint on admission was progressive fatigability on moderate to mild 
exertion. He denied having dyspnea, orthopnea, palpitation, cough or hemoptysis. He did 
not remember having rheumatic fever or its equivalent. A heart murmur was first discovered 
in a routine school examination at the age of 13. He did not develop any symptoms until 6 
months previously when he noticed that he was easily tired on his usual job. The past history 
and family history were noncontributory except for complete paralysis of the left facial nerve 
since birth. 

Physical examination revealed a young healthy male in no obvious discomfort. Pulse 
rate was 100 per minute and regular. Blood pressure was 130/60 mm. Hg. Head and neck 
were not remarkable except for the incidental finding of the paralysis of the left facial nerve. 
The lungs were clear on auscultation. There was a palpable diastolic thrill at the mitral 
area. The apical impulse was not forceful. Auscultation at the apex revealed a sharp mitral 
first sound, no systolic murmur, opening snap, and Grade 2 mid-late diastolic rumble. 
Pulmonie second sound was louder than aortic. There was also a Grade 1 early diastolic 
murmur at the third intercostal space at the left sternal border. Examination of the abdomen 
and extremities was negative. Peripheral signs of aortic regurgitation were not present. 

Radiologic examination revealed a normal-sized heart with minimal enlargement of the 
left atrium (Fig. 1). There was suggestive evidence of left ventricular strain and hypertrophy 
on the electrocardiogram (Fig. 2). A tentative diagnosis of mitral stenosis due to rheumatic 
heart disease was made. However, aortic valve disease could not be ruled out. Suprasternal 
transthoracic aortography was performed according to the technique of Lehman, Lemmon, 

This work was supported in part by Brith Sholm Cardiopulmonary Laboratory, Hahne- 
mann Medical College and Hospital, Philadelphia, Pa. 

Received for publication Nov. 19, 1958. 

*Research Fellow in Cardiology, Brith Sholm Cardiopulmonary Laboratory, and Hahne- 
mann Medical College and Hospital, Philadelphia, Pa. 


**Public Health Service Research Fellow of the National Heart Institute; Resident in 
Thoracic Surgery, Hahnemann Medical College and Hospital, Philadelphia, Pa. 


720 








Fig. 1.—Posteroanterior and right anterior oblique views of chest showing normal-sized heart 
and minimal enlargement of left atrium. 
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Fig. 2.—Electrocardiogram of the patient with suggestive evidence of left ventricular strain 
and hypertrophy. 
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Boyer, and Fitch.3 Aortic regurgitation was thereby ruled out. However, the morphology of 
the aortic valvular region was abnormal and suggested the presence of a bicuspid valve (Fig. 
2); 

A left heart catheterization with dye studies was planned to determine the severity of 
altered hemodynamics due to mitral stenosis and also to rule out aortic stenosis. The left 
heart catheterization was started according to the usual technique with a premedication of 
Seconal, 1144 grains, and Demerol, 50 mg. During the first two attempts the needle did not 
enter the left atrium; however, during the third attempt the needle entered a chamber which 
was thought to be the left atrium inasmuch as bright red blood came out of the needle at 
very low pressure. In addition, several atrial premature beats were noted on the electrocardio- 
gram at the time of the needle puncture. At this time, the patient suddenly developed a 


Fig. 3.—Aortogram of the patient showing slight deformity of the aortic valves without any 
aortic regurgitation. 


marked bradycardia of 16 beats per minute followed by a generalized convulsive seizure. The 
needle was immediately withdrawn from the back and 1 c.c. of atropine was given intra- 
muscularly. An endotracheal tube was introduced and oxygen insufflation started. For a 
moment the bradycardia improved and the cardiac rate increased to 100 beats per minute. 
The blood pressure was unobtainable, although a carotid pulse was palpable. In a few 
moments marked bradycardia again occurred with a bizarre ventricular complex. Heart 
sounds could not be heard. The carotid pulse faded beneath the palpating finger to 
become imperceptible in a few seconds. This pathognomonic evidence of failing cardiac 
action prompted an immediate left anterior thoracotomy. There was massive hemopericardium 
present, resulting in cardiac tamponade. The heart had stopped. The pericardium was incised 
anterior to the phrenic nerve and the tamponade relieved. An estimated 500 c.c. of blood 
gushed from the pericardial sac. The heart was small and flabby. Cardiac massage was 
instituted as the feet were raised high to provide a venous autotransfusion. Unmatched type 
O blood was obtained promptly from the blood bank and pumped into a peripheral vein. Still 
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cardiac contractions were feeble and ineffective, although increased ventricular filling was 
evident under the massaging hand. One cubic centimeter of 1:1000 Adrenalin was injected 
into the left ventricular cavity. Prompt and effective contractions ensued. The blood pressure 
was still very low (Fig. 4). At this stage, it was noted that there was a continuous oozing of 
blood. The source of bleeding could not be ascertained. The patient was put on Bennett’s 
respirator and a transternal bilateral thoracotomy completed. The heart was. lifted to 
visualize the posterior surface of the left atrium. No bleeding was found. A jet of blood 









































Fig. 4.—Brachial artery pressure tracing showing very low arterial pressure before the suture 
of the tear in the aorta. 
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Fig. 5.—Brachial artery pressure tracing showing the established arterial pressure after the 

suture of the tear in the aorta. 
spurting from the coronary aortic sinus was located by the exploring finger. The rent seemed 
to be about 0.5 em. in length and located in the thinnest portion of the wall of the ascending 
aorta, ie., the aortic sinus. The tear was sealed with the finger while the heart rate and blood 
pressure stabilized (Fig. 5). Nine pints of blood were infused. The rent was sutured and 
the chest closed. The entire procedure was performed on the cardiac catheterization table 
and was completely unsterile. 

A tracheotomy was performed for retained secretions. Heavy doses of multiantibiotic 
therapy were used. The first 3 days were stormy; complicated by pneumonitis, retained secre- 
tion, mental confusion, hyperpyrexia, myocardial irritability (Fig. 6), and electrolyte im- 
balance. However, the rest of the hospital course was uneventful. 


CasE 2.—J. B., a 43-year-old white woman, entered the Hahnemann Hospital on Aug. 
8, 1958. The patient was in good health until 18 months previously, when she had suddenly 
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vomited a large quantity of blood. At that time a heart murmur was discovered and the 
patient was told that she had heart disease. From that time on the patient gradually de- 
veloped weakness and exertional dyspnea. However, she never experienced any orthopnea or 
palpation. Fluid began collecting all over her body, starting from the lower extremities. 
She was put on digitalis and diuretics. At the time of the present admission to the hospital 
her chief complaints were swelling of abdomen and extremities, generalized weakness, and 
easy fatigability. The patient denied having rheumatic fever or its equivalent. The rest of 
the history was noncontributory. 
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Fig. 6.—Postoperative electrocardiogram showing change in aV1L. 


Physical examination revealed a chronically ill female with marked ascites and swollen 
extremities. Pulse rate was 84 per minute and regular. Blood pressure was 100/60 mm. Hg. 
Neck veins were prominent and pulsating. There was some facial edema. Auscultation of 
lungs revealed bilateral rales, but there was no evidence of pleural effusion. Apical impulse 
was displaced to the left and there was also a palpable impulse at the fourth left inter- 
space at the side of the sternum. On auscultation there was a blowing systolic murmur of 
Grade 2 to Grade 3 intensity at the mitral area. Mitral first sound was loud. There was no 
diastolic murmur. Pulmonic second sound was 2 to 3 plus accentuated. Examination of the 
abdomen revealed 3 plus ascites, Liver could not be palpated due to the massive ascites. 
There was 2 to 3 plus edema of the extremities. 
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ig. 7.—Radiogram of the Patient J. B. showing marked enlargement of the heart size. 


Fig. 8.—Electrocardiogram of the Patient . =~ showing evidence of right ventricular hyper- 
rophy. 
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Laboratory investigations revealed some evidence of renal and hepatic damage as indi- 
cated by 23 per cent excretion of the dye at the end of 2 hours in phenolsulfonphthalein test 
and retention of 28.4 per cent of the dye at the end of 45 min. in Bromsulphalein test. How- 
ever, in the presence of marked congestive failure, these values could not be properly inter- 
preted. A Congo-red test was done showing the disappearance of only 15 per cent of the dye. 
Serum iron was 76 mg. per cent (normal range is 50 to 180 mg. per cent). 












































Fig. 9.—Pressure tracing of the right ventricle showing a sudden rise in diastolic pressure 
after an initial drop. (Commonly seen in constrictive pericarditis and failing myocardium.) 
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Fig. 10.—Pressure tracing, showing that the ar entered a high pressure vascular chamber 
(aorta). 
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Venous pressure in the basilic vein was 330 mm. H,O and on abdominal compression 
it rose to 370 mm. H,O. Arm-to-tongue circulation time was 30 seconds and arm-to-lung was 
6 seconds. 

Radiologic examination revealed the size of the heart to be 3 plus enlarged. The en- 
largement of the specific chamber could not be accurately defined. The pulmonary artery 
segment and hilar vessels were 2 to 3 plus enlarged. There was no evidence of classification 
either in the pericardium or at the valve area (Fig. 7). A contrast x-ray study of the 
esophagus and upper gastrointestinal tract was normal. 








































































































































































































Fig. 11.—Pressure tracing of left ventricle and left atrium taken simultaneously. There is 
no evidence of mitral stenosis. 
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Fig. 12.—Pressure tracing of left ventricle and brachial artery taken simultaneously. There 
is no evidence of aortic stenosis. 


There was evidence of right ventricular hypertrophy in the electrocardiogram (Fig. 8). 

At this stage a definitive diagnosis could not be made. The following possibilities were 
considered: (1) mitral stenosis with tricuspid insufficiency, (2) constrictive pericarditis, and 
(3) essential pulmonary hypertension. A right and left heart catheterization was contemplated 
to reach a more definitive diagnosis. 
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On right heart catheterization, the pressure in the ‘right ventricle and pulmonary artery 
was greatly elevated (R. V. 122/19) with a deformity of the pressure tracing during the 
diastole of the right ventricle (Fig. 9). There was no evidence of intracardiac shunt. A left 
heart catheterization was then attempted. The needle went into the aorta (Fig. 10). The 
needle was then withdrawn and in the second attempt it entered the left atrium and then to 
the left ventricle. All the pressures were obtained. It did not show any gradient across the 
mitral or the aortic valve (Figs. 11 and 12). Apparently the patient was in good condition 
and was sent back to her room. In the evening, at 7 P.M., the patient suddenly collapsed and 
there was no pulse. Hand bellows respiration and pericardial paracentesis were immediately 
performed. Blood escaped under pressure and a total of about 400 c¢.c. of blood was with- 
drawn. At the end of the procedure, the blood pressure rose to 96/60 mm. Hg. At about 4 
A.M., the patient again had a similar attack. Again a needle was introduced in the peri- 
cardium but nothing came out. As the needle was withdrawn, the patient developed cardiac 
arrest. The chest was opened. There was about 200 to 300 ¢.c. of blood and blood clots 
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Fig. 13.—Microphotograph of the biopsy of lung showing medial hypertrophy and subintimal 
proliferation of the branches of pulmonary artery. Arterioles show areas of fibrosis. 


in the pericardium. It was removed and cardiac massage was started. For a while the heart 
seemed to come back to normal sinus rhythm, but again it stopped. The patient was pro- 
nounced dead. There was no evidence of constrictive pericarditis. Multiple strips from lung 
and atrium were taken for biopsy studies. Histology examination of the atrium was normal 
except for some hypertrophy of the muscular layer. There was no evidence of fibroelastosis. 
Microscopic examination of the lung showed moderate thickening of the layer of pulmonary 
arteries due to medial hypertrophy. There was occasional subintimal proliferation. Arterioles 
showed areas of fibrosis (Fig. 13). These findings were consistent with pulmonary hyper- 
tensive disease. 


DISCUSSION 


Left heart catheterization is a routine procedure in cardiac centers interested 
in the detailed study of cardiopulmonary pathophysiology. However, there is 
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no uniformity with regard to the technique of left heart catheterization. In our 
experience, Fisher’s modification of Bjérk’s procedure has been most satisfactory. 
However, in aortic valve disease and in cases of mitral valve disease with normal- 
sized left atrium, the puncture of the aorta is not uncommon. Similar experi- 
ences have been reported by most of the cardiologists who use this technique.” * ° 
Bagger, Bjork, and Malonstrour’s patient died of cardiac tamponade due to 
puncture of the ascending aorta.2 However, they felt that a prompt surgical 
intervention might have saved the patient. A British group led by Sir Russel 
Brock‘ had 3 deaths in a series of 24 eases. He emphasized the complication of 
puncturing the aorta in cases of normal-sized left atrium, so much so, that he 
does not employ this procedure in aortic valve disease. In such cases, he 
punctures the left ventricle directly from the anterior approach and measures 
the LV-BA gradient by putting a Cournand needle in the brachial artery. In our 
experience, puncture of the aorta is infrequent and complications due to this 
are very uncommon. On the other hand, in transthoracic suprasternal aortog- 
raphy, the aorta is entered at its root with a needle identical in size to that of 
the left heart catheterization needle, usually in the extrapericardial thicker 
portion of the aortic wall. 

In our first case, the puncture of the aorta was followed by a tear of its wall 
resulting in cardiac tamponade. This is the second ease in literature in which 
cardiac tamponade developed due to a tear of the aorta. Bjérk’s patient died. 


Due to prompt surgical action taken by the surgical team present, our 
patient recovered. In our second ease, cardiac tamponade developed gradually 


and thoracotomy failed to help the patient. 


SUMMARY 


Two cases of massive cardiac tamponade, one due to a tear of the root of 
the aorta and the other due to puncture of the aorta during left heart catheter- 
ization, are reported. The inherent danger of unintentional aortic puncture 
during left heart catheterization in cases of normal-sized left atrium is 
emphasized. The prompt surgical action to relieve the tamponade and suture 
the aortic tear was lifesaving in our first case. 
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PRIMARY MEDIASTINAL TUMORS 


Joseph Hodge, M.D.,* Gonzales Aponte, M.D., and 
Edward McLaughlin, M.D., Philadelphia, Pa. 


Bae have been many reports concerned with the classification, description, 
and treatment of mediastinal tumors and cysts. This paper is a review 
of a series of 42 unselected cases of primary mediastinal tumors originating 
in the mediastinum and classified on the basis of pathologie types in specific 
anatomic locations. The large number of thymomas in this relatively small 
series is noteworthy. 


DATA AND METHOD 


During the years 1942-1958 inclusive, 74 cases diagnosed as being medi- 
astinal neoplasms were found in the clinical and necropsy records of the 
Departments of Surgery and Oncology of the Jefferson Medical College Hospi- 
tal. Forty-two of these were diagnosed as primary mediastinal tumors. Medi- 
astinal masses which did not originate primarily within the confines of the 
mediastinum per se were excluded from this series. The clinical records have 
been reviewed and the histologic type of tumor confirmed in each ease. These 
tumors have been divided into benign and malignant thymomas, neurogenic 
tumors, teratomas and dermoid cysts, and incidental tumors, i.e., bronchial 
and pericardial cysts, hamartomas, and lipomas. Each type is discussed 
separately (Table I). 


INCIDENCE 


Neurogenie neoplasms, benign and malignant, are the most common types 
encountered in the series reported by Blades,' Brewer,? Shidler and Holman,* 
and Ringertz.* In this series, neurogenic tumors comprised 26 per cent of 
42 primary cases. Malignant and benign thymomas comprised the most fre- 
quent tumor, 43 per cent of the total, as compared to 7.5 per cent thymomas 
of a total of 241 mediastinal tumors reported by others.’°: Ringertz and 
Lidholm found thymoma present in 19 of 155 cases (12 per cent) of primary 
and secondary mediastinal neoplasms studied. Six different reports ranked 
teratoid tumors and eysts second in frequency.’* This variety was third 
in our series and accounted for 19.0 per cent of the cases. The remainder 
of our eases consisted of pericardial and bronchial cysts, intrathoracic lipoma, 
and hamartoma. 
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TABLE I. MEDIASTINAL TUMORS 








PER CENT OF TOTAL OF 
NEOPLASMS REPORTED 





Thymomas 
Benign 
Malignant 


Neurogenic Tumors 
Benign 
Malignant 


Teratomas and Dermoid Cysts 
Benign (2 each) + 
Malignant (2 each) 4 


Incidental Tumors 
Bronchial cysts 
Hamartomas 
Lipomas 
Pericardial cysts 





Total Number of Neoplasms 
Reported 





THYMOMA 


Thymoma was the type of mediastinal neoplasm encountered most fre- 
quently in this study. The average age of the patient was 41.2 years and 


it occurred more commonly in males of the white race (Table ITB.) 

The most common site in our series was the upper anterior mediastinum. 
The tumor may also be found in the superior or middle mediastinum or other 
locations.® 

Dyspnea and cough were the chief complaints in over 64 per cent of the 
patients. Chest pain was a complaint in 55 per cent of the malignant group. 
Symptoms of myasthenia gravis and cough were present in 2 cases of benign 
thymoma. Benign thymomas cause symptoms by compression whereas the 
malignant thymoma invades surrounding structures, i.e., visceral pleura, peri- 
cardium, ete. Roentgenograms were diagnostic in approximately 40 per cent 
of the patients. Three patients were asymptomatic and an intrathoracic mass 
was discovered by routine x-ray studies. The finding of a quadrilateral form 
of neoplasm in the anterior mediastinum or superior mediastinum is sugges- 
tive of thymoma. Surgical excision was the treatment of choice (Table IIB). 

Median sternotomy was the approach utilized in 4 patients. This ap- 
proach has the advantage of making the gland readily accessible since the 
mediastinum may be explored from the neck to the diaphragm. Hyperplasia 
or persistent thymic tissue may be associated with Graves’ disease, Addison’s 
disease, and other conditions. The malignant thymomas most frequently ob- 
served were of lymphocytic origin, namely, lymphoepitheliomatous in type 
(see Fig. 2, A, B, and C). This consisted of an admixture of both lymphocytes 
and epithelial cells and was more common in the adult patients. Other 
varieties included the lymphosarcomatous, carcinomatous, reticulum and 
Hodgkin’s cell types (see Fig. 2, D and EZ). 
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TABLE ILA. INCIDENCE OF THYMIC TUMORS IN SEVERAL SERIES 








BREWER | SHIDLER | RINGERTZ | BRAD- EFFLER 
HODGE & & & FORD & Mc- CURRERI 
ET AL. | BLADES! | DOLLY2 |HOLMAN3|LINDHOLM4| ET AL.5 | CORMACK6 | & GALE? 





Benign 

thymomas 4 6 2 a 19 3 19 2 
Malignant 

thymomas 14 - ~ ~ = 





TABLE IIB. THYMOMAS 








Total Number of Cases 
Age 
6 months to 72 years 
Sex 
10 males—8 females 
Race 
12 white—6 Negro 
Diagnosis 
Benign thymoma—4 
Malignant thymoma—14 
Pathologie Types of Malignant Thymoma Confirmed 
by Histologic Study of Specimen 
1. Lymphocytic-lymphoepithelioma 
2. Reticulum cell 
3. Carcinoma 
Anaplastic primitive epithelioma 
Lowenhaupt group 1 
Hassall’s corpuscle 
4. Hodgkin’s granuloma 
5. Lymphosarcoma 
Associated Disease 
Myasthenia gravis associated with 2 cases of benign 
thymoma and lymphosarcoma type of malignant 
thymoma 
Treatment 
1. Operative 
Thoracotomy and. excision 
Thoracotomy and incisional biopsy 
Supraclavicular node excisional biopsy 
2. Nonoperative 
Both eases confirmed by autopsy 





Malignant thymomas metastasize chiefly by direct extension and lym- 
phatic permeation that may involve distal structures of the mediastinum. 


Prognosis.—Over 50 per cent of the cases have been followed. Survival 
ranged from 10 months to 13 years; the average was 3.7 years. Three patients 
who received radiation in addition to surgical therapy, survived 10 months, 214 
years, and 3 years, respectively. 


THYMOMA-MYASTHENIA GRAVIS 


Approximately 15 per cent of patients with myasthenia gravis have an 
associated tumor.® Surgical removal of benign thymoma benefits 50 to 70 
per cent of the patients’® and is advisable because of the possibility of ma- 
lignant transformation.'? 1*?* In our series there were 2 benign and 1 ma- 
lignant thymomas and there were certain common features in each case. The 
patients presented symptoms of myasthenia gravis (weakness, fatigue, eye 
signs, ptosis, blurred vision, dysphagia) and pulmonary symptoms, i.e., chest 
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Fig. 1.—Malignant thymoma-lymphosarcoma. Thymoma associated with myasthenia gravis. 
A, Chest x-ray film—posteroanterior. B, Chest x-ray film—lateral. 


A poorly differentiated 
and varying 


amounts of clear or lightly eosinophilic cytoplasm. In this field, the stroma is abundant and 
consists of wavy bundles of connective tissue sprinkled with a moderate number of lymphocytes. 


(Hematoxylin and eosin x<200.) 


Fig. 1—Cont’d. CC, Microscopic section of malignant thymoma. 
neoplasm composed of vari-sized cells with intensely hyperchromatic nuclei 
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pain, cough, and dyspnea. Examination of the chest was essentially normal, 
but roentgenograms revealed the presence of an anterior mediastinal tumor. 
In each ease the patient was maintained on adequate doses of Neostigmine 
bromide, Diprostigmine, Mestinon, ephedrine sulfate and, at times, it was 
necessary to administer atropine to counter the effects of parasympathomime- 
tic therapy. Elective tracheostomy 24 to 48 hours prior to thymectomy is 
extremely important in averting pulmonary complications; this was done in 
one patient. Had tracheostomy been performed in another, this patient would 
have survived pulmonary complications. 

Thymectomy was performed through a median sternotomy. Following 
operation the patients improved and required less parasympathomimetic 
drugs.'® Histologically, two of the tumors were benign and the third was a 
lymphosarecomatous type of malignant thymoma (Fig. 1, A-C). The ma- 
lignant lesion was treated with radiation postoperatively and the patient is 
asymptomatic and greatly improved. One patient of this group with benign 
thymoma has been followed over 13 years and is doing well. 


BENIGN THYMOMAS 


Benign thymomas were found in patients whose ages ranged from 6 
months to 26 years and the most common symptoms on admission were dysp- 
nea, cough, chest pain, and wheezing. X-ray studies confirmed the presence 
of a mediastinal mass. Physical examinations were negative. 

In one patient a thoracotomy was done; in a 6-month-old infant and in 
a 19-year-old woman with myasthenia gravis, median sternotomy was per- 
formed. Pathologic study confirmed the presence of thymic tumors. Gen- 
erally patients were well and asymptomatic 10 years following operation. 


MALIGNANT THYMOMAS 


Of this type, the majority of lymphoepitheliomas and reticular cell varie- 
ties were found to be asymptomatic. The carcinomatous (Hassall’s corpuscles, 
anaplastic) and Hodgkin’s types were found to be symptomatic. In the pa- 
tients without symptoms, routine x-ray studies usually disclosed the presence 
of a mass, whereas symptomatic patients complained of nonproductive cough, 
dyspnea, and chest pain. Physical examination of the chest disclosed evidence 
of a decrease in resonance and breath sounds with dullness to percussion. 


Findings of tracheal narrowing, displacement of the tracheobronchial 
tree, or blood in the bronchus at bronchoscopy was of significant help in the 
diagnosis of malignant thymomas. 

In one ease, a reticular cell tumor surrounded all the vital vessels arising 
from the arch of the aorta. (Fig. 2, H). In another of the anaplastic carci- 
noma type, an incisional biopsy was performed followed by deep radiation 
therapy. In a third patient with Hodgkin’s type of malignant thymoma, which 
filled the entire left hemothorax and was densely adherent to the lung radia- 
tion therapy was administered following excision of the tumor. Nine years 
following operation, chest roentgenograms showed no progression of the tumor. 
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NEUROGENIC TUMORS 


Intrathoracic neurogenic tumors rank second to intrathoracic goiter as 
the most common mediastinal tumor (Fig. 3, A-E). These tumors" arise from 
intercostal nerves or nerve sheaths, ganglion cells, sympathetic cells, and 
pheochromocytes. The majority are benign. Age and sex incidence in our 
series are given in Table III. 


Fig. 2.—Malignant thymoma. A, Lymphoepithelioma-chest x-ray film. 


The tumors are located predominantly in the paravertebral area of the 
upper portions of the posterior mediastinum. Over 90 per cent were benign; 
neurofibroma being most common. Malignant sympathicoblastoma and neu- 
roblastoma accounted for the malignant types. 

In one half of the patients, the chief complaint was dyspnea. Retrosternal 
pain was present in 3; 5 patients were asymptomatic. Roentgenograms were 
diagnostic in 6 of the cases. Histologic study of the surgical specimens con- 
firmed the diagnosis in all cases. 

A clinical history of chest pain, dyspnea, with roentgenographiec evidence 
of a lobulated or round mass in the posterior or upper posterior mediastinum, 
is highly suggestive of a neurogenic tumor. As a rule, malignant neurogenic 
neoplasms cause pain. 

Surgery is the treatment of choice; radiation therapy has little effect upon 
this type of neoplasm. Surgical intervention was attempted in 11 cases and 
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Fig. 2.—Cont’d. B, Gross specimen of lymphoepithelioma. 

C, Microscopic section of so-called lymphoepithelioma of the thymus (thymoma). Side 
by side can be seen an area rich in small round cells with little or no discernible cytoplasm 
(lymphocytes) and one composed of elongated cells with oval, large, vesicular nuclei and 
scanty pale cytoplasm. (Hematoxylin and eosin x200.) 
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Fig. 2.—Cont’d. D, Thymic carcinoma—Hassall corpuscle type. Gross specimen. 

E, Microscopic specimen of reticulum-cell sarcoma involving the thymus. The field is 
crowded by large cells with bizarre hyperchromatic nuclei and varying amounts of cytoplasm. 
Delicate reticular fibers seen among the tumor cells can be demonstrated to a better advantage 
with appropriate special stains. (Hematoxylin and eosin x200.) 
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excision of the tumor completed in 10. In over one half of the cases, at opera- 
tion, the neoplasms were found fixed to the heads of the ribs, paravertebral 
area of the spinal column, or in the region of the first four ribs. In one ease, 
the tumor extended from the neck to the ninth vertebra in the posterior 
mediastinum. 


A. B. 


3.—Neurofibroma. A, Chest x-ray film—posteroanterior. B, Chest x-ray film—lateral. 





Fig. 3.—Cont’d. ©, Gross specimen. - 





E. 


ig. 3.—Cont’d. D, Microscopic section of neurofibroma. Compact bundles of spindle 
cells in palisade formation are seen. Cystic degeneration and necrosis are absent. (Hema- 
toxylin and eosin X<100.) 
E, Microscopic section of neuroblastoma. The tumor cells resemble mature lymphocytes, 
are small, round, or slightly oval, and possess little or no discernible cytoplasm. Septa of con- 
nective tissue make up the scanty stroma. (Hematoxylin and eosin  X200.) 
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TABLE III. NEUROGENIC TUMORS 








Total Number of Cases 11 
Age 
8 years to 58 years 
Average Age 
35.4 
Sex 
6 males—5 females 
Race 
10 white—1 Negro 
Diagnosis 
Benign neurogenic tumors 
Malignant neurogenic tumors 
Pathologic Types of Tumors 
Neurofibroma 
Fibroneuroma and neuroblastoma 
Neurolemmoma 
Malignant sympathicoblastoma 
Treatment 
Operative 
Thoracotomy and excision 
Thoracotomy 





Prognosis.—Of the 10 patients surviving operation, 8 are living after 5 
years or more. The prognosis is good for neurofibroma or ganglioneuroma, 
if the tumor is completely removed. 


TERATOID TUMORS AND CYSTS 


Teratoid tumors and cysts may be classified according to their origin 
from the respective germ layers, i.e., epidermoid (ectodermal tissue), dermoid 
cysts (composition of ectodermal-mesodermal tissue), and teratomas (com- 
position of ectodermal-mesodermal-entodermal tissue). 

In seven different series totaling 396 cases,!-? 14.4 per cent were benign 
teratomas and 2.3 per cent were malignant. In the present report, this type 
of tumor ranked third, comprising 19.0 per cent of the total 42 cases reported 
(Table IV). The neoplasms were most frequently detected incidentally on 
chest roentgenograms, while others grew to such proportions as to compress 
adjacent structures, producing chest pain, dyspnea, hoarseness, weight loss, 
ete. 

An opacity in the anterior part of the superior or middle mediastinum 
that contains bone, hair, or teeth, as visualized on roentgenograms, establishes 
the diagnosis. These tumors are potentially dangerous; they may rupture 
into the pleura, pericardium, aorta, or vena cava, thereby producing medi- 
astinitis or infection; and some undergo malignant change and metastasize 
either by direct extension to adjacent structures, or distally by way of the 
lymphaties to the regional nodes or the liver. Therefore, when possible, com- 
plete excision is mandatory. 

Of the dermoid cysts, two benign and one malignant type were operable 
and completely removed; one was diagnosed as malignant but was not oper- 
ated upon, but autopsy revealed it to be malignant teratoma. Of two ma- 
lignant teratomas, one was removed, but the patient died of recurrent 
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TABLE IV. TERATOMAS AND DERMOID CYSTS 








Total Number of Cases 
Age 
19 years to 53 years 
Average Age 
36 years 
Sex 
6 females—2 males 
Race 
6 white—1 Negro 
Diagnosis 
Teratomas 
Benign 
Malignant 
Dermatoid cyst 
Benign 
Malignant 
Autopsy Diagnosis 
Nonoperative malignant dermoid cyst 
Nonoperative malignant teratoma 
Operative malignant teratoma 
Treatment 
1. Operative 
Thoracotomy and excision 
Thoracotomy and inoperable 
2. Nonoperative 





malignant teratoma with extensive metastasis to the left lung, pericardium, 
and diaphragm; the other was inoperable. Both benign teratomas were com- 
pletely excised. 


MEDIASTINAL BRONCHOGENIC CYSTS 


Cysts of the mediastinum are classified as pericardial, bronchogenic, 
thymic, and gastroenterie in origin (Table V). 


TABLE V. INCIDENTAL TUMORS 








Total Number of Cases 
Age 
45 years to 57 years 
Average Age 
50.5 years 
Sex 
3 females—2 males 
Race 
5 white 
Diagnosis 
Bronchial cyst 
Hamartoma 
Lipoma 
Pericardial cyst 
Treatment 
Thoracotomy and excision 
Thoracotomy and left upper lobectomy 





Ringertz and Lidholm,* Blades,’ and others,* * found bronchogenic cysts 
to be the second most common mediastinal tumor. In Ringertz’s series of 155 
eases, bronchogenic cysts comprised 13.6 per cent of the total. In this paper, 
bronchogenic cysts accounted for 4.8 per cent of the total of 42 primary medi- 
astinal tumors. The origin has been ascribed to a small diverticulum adjacent 
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to the respiratory anlage in the foregut. These may be located at any site 
in the mediastinum. Maier’? classified bronchogenic cyst sites as paratracheal, 
earinal, hilar and paraesophageal, depending upon their attachment to the 
tracheobronchial system and to the esophagus. Although usually asympto- 
matic, they may produce signs and symptoms of tracheobronchial obstruction. 


Diagnosis may be established by x-ray studies. Cysts are smooth and 
contain no calcium, osseous, or cartilaginous elements. They are located 
adjacent to the mediastinum and, at fluoroscopy, they may move on swallow- 
ing. In one patient with dyspnea and cough, an angiocardiogram was helpful 
and revealed a right superior mediastinal mass partially obstructing the 
superior vena cava. The eyst was completely excised and prognosis was 
excellent (Fig. 4). 


Fig. 4.—Bronchial cyst. Gross specimen. 


PERICARDIAL CYST 


Pericardial coelomic cysts arise as a result of failure of fusion of the 
pericardial lacunae and are thin walled, lined by a layer of mesothelial cells, 
fibrous tissue and contain clear fluid. They are more commonly located 
in the anterior or middle mediastinum adjacent or adherent to the peri- 
cardium, pleura or diaphragm. The diagnosis may be suggested by the 
presence of a round opaque shadow in the cardiophrenic angle. A differential 
diagnosis between hernia of the foramen of Morgagni and lipoma must be 
considered. 
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Angiocardiogram was of aid in outlining a large pericardial cystic mass 
in a patient who was asymptomatic but whose chest roentgenogram demon- 
strated a mediastinal mass (Table V). 


HAMARTOMA 


Hamartoma is a rare benign tumor, composed of abnormally arranged 
tissue that may contain mesodermal and epithelial elements. The tumor is 
an incidental finding in asymptomatic patients usually in the sixth decade, 
undergoing x-ray studies. However, exertional dyspnea, substernal discom- 
fort, or cough may exist. Diagnosis may be suspected if roentgenograms 
demonstrate a dense mass surrounded by normal pulmonary tissue and exhibit- 
ing sharp lobulated borders with areas of calcification. 

Treatment is excision of the mass or a more radical operation such as 
lobectomy or pneumonectomy, depending upon the size of the tumor. The 
prognosis is generally excellent, but malignant transformation into an osteo- 
chondrosarcoma has been reported. 

In the asymptomatic patient reported, a left upper lobectomy was per- 
formed for a round, well-delineated extradensity in the left upper lobe of the 
lung. Four years later, he was found in excellent health. 


LIPOMA 


Intrathoracie lipomas are rare tumors arising from connective tissue con- 
taining fat or fetal cells and are well encapsulated. As a rule they are con- 
fined to the thoracie cavity but may extend superiorly into the neck, inferiorly 
through the diaphragm, or anteriorly through the chest wall. The incidence 
of lipoma was found to be 2.3 per cent in a total of 396 cases representing the 
experience of seven groups'’ reporting mediastinal tumors. In our study, 
lipoma constituted 2.4 per cent of the total cases. Keely and Vana,’ in a 
collective review of mediastinal lipomas, suggested the anatomic classification 
of intrathoracic and extrathoracic lipomas. The majority of mediastinal 
lipomas are primarily intrathoracic, usually asymptomatic, and may take on 
an hourglass appearance or attain such proportions as to induce mechanical 
pressure upon vital structures thus causing dyspnea, substernal oppression, 
cough, dysphagia, weakness, and other symptoms. An hourglass lipoma should 
be considered when a tumor in the neck or chest wall is continuous with the 
intrathoracic mass. 

Treatment is surgical excision and this was done in the case reported. 
Follow-up 9 years after operation found this patient to be in excellent health. 


SUMMARY 


1. Seventy-four unselected mediastinal tumors were collected from the 
records, 1942-1956, of the Departments of Surgery and Oncology of the Jeffer- 
son Medical College and Hospital and 42 of these tumors were primary. 
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2. The characteristic clinical, pathologic, and roentgenologic features of the 
lesions are described. The variety of malignant thymomas and the association 
of myasthenia gravis with benign thymomas are emphasized. 


3. Roentgenographic findings of a posterior mediastinal tumor is suggestive 
of a neurogenic neoplasm; the presenecé of cartilage, bone, teeth, etc., in a su- 
perior or middle mediastinal mass is compatible with a diagnosis of teratoid 
tumor. Lipoma should be considered when an hourglass type of opacity in the 
neck or chest wall is continuous with an intrathoracic mass. Roentgenograms 
demonstrating a dense mediastinal mass surrounded by normal pulmonary tissue 
and exhibiting a sharp lobulated and inner border of calcification is indicative 
of hamartoma. 

4. Thoracotomy and excision of the mediastinal tumors were successfully 
performed in 36 of the cases. There was one supraclavicular node biopsy and 
5 nonoperative cases. 


The authors wish to express their appreciation and thanks to Dr. John H. Gibbon, 
Jr., and his associates for the use of their personal cases in this series. 
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MYXOMA OF THE LUNG 


James B. Littlefield, M.D.,* and E. Cato Drash, M.D., Charlottesville, Va. 


ne myxoma is a tumor whose histologic structure resembles primitive mesen- 
chyme and contains a mucinous ground substance. Primary myxoma of the 
lung is rare and the resection of a solitary pulmonary mass diagnosed histo- 
logically as a myxoma prompted the review of this subject. Apparently the only 
other pulmonary neoplasm of this type previously reported was a ‘‘fibro- 
myxoma’’ removed from the lung of an 8-year-old boy.’ 


CASE REPORT 


A 54-year-old housewife was admitted to the Thoracic Surgical Service of the University 
of Virginia Hospital on Feb. 13, 1955. She complained of ‘‘a mass in my right lung’’ which 
was discovered on a routine 70 mm. roentgen film of the chest in November, 1954. A subse- 
quent full-sized roentgenogram of the thorax taken in January, 1955, confirmed the presence 
of this lesion. It was not known how long the mass had been present. The patient had been 
in good health except for chronic ‘‘arthritis’’ of the lumbar*and cervical spine and recurrent 
episodes of ‘‘sinusitis.’’ 

Physical examination revealed a well-nourished patient with moderate limitation of 
motion of the cervical spine and a quiescent, chronic, right, maxillary sinusitis. Roentgeno- 
grams and fluoroscopy of the chest showed a round, smooth, indeterminate mass, 2.5 em. in 
diameter, without evidence of calcium at the level of the right third intercostal space (Fig. 1). 

On Feb. 15, 1955, exploration of the right hemithorax revealed a 2 em. globular, firm, 
well-circumscribed mass in the periphery of the posterior segment of the right upper lobe. 
A wedge resection of this lesion was performed, removing a liberal margin of normal pul- 
monary tissue. On section, the specimen was yellow-gray in color and frozen tissue examina- 
tion demonstrated a benign neoplasm; the final pathologic diagnosis was a myxoma (Fig. 2). 

The patient’s postoperative course was uncomplicated and she has been entirely free 
of subjective symptoms related to her chest. Roentgenograms of the thorax 28 months after 
operation showed no evidence of tumor recurrence. The chronic ‘‘arthritic’’ symptoms have 
persisted. 


Pathologic Description of the Twmor.—The tumor was a smooth, slightly lobulated mass 
buried in normal pulmonary tissue and measured 2.5 em. by 1.5 em. A thin capsule enclosed 
the lesion and there were no apparent pleural or bronchial communications. The cut surface 
was yellow-tan, firm and glistening, with softening in the central portion. 

Microscopic sections showed the lesion to be sharply delineated from the surrounding 
compressed pulmonary tissue which formed a thin pseudocapsule. The tumor was composed 
of separate stellate cells with dense cytoplasm and coarse processes. The nuclei were ovoid 

From the Division of Thoracic Surgery, Department of Surgery, University of Virginia 
School of Medicine, Charlottesville, Va. 
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(10 to 30 microns in longest diameter) with fine regular chromatin and nucleoli that were 
indistinct even in the large cells. Between the cells and their processes were abundant 
amounts of a stringy, finely particulate, basophilic substance resembling mucin that stained 
positively with alcian blue and weakly with periodic acid-Schiff. No mitotic figures were 
apparent. A moderate number of thin-walled blood vessels were present and their walls were 
intimately bound with the tumor tissue. A light infiltration of lymphocytes, plasma cells, 
and polymorphonuclear leukocytes (eosinophilic and neutrophilic) were present throughout 
the tumor. These cells were concentrated about the larger blood vessels. 

There was no evidence of vasculér invasion by the tumor and no differentiated tissue 
elements such as cartilage, bone, fat or fibrous connective tissue were present. 


Fig. 1.—Preoperative roentgenogram showing the indeterminate lesion in the right upper lobe. 


DISCUSSION 


A great deal needs to be clarified about this group of tumors termed myx- 


2 


omas and accurate information is not easily obtained from the literature. Stout 
in his classical paper has enumerated several reasons for this inaccuracy of 
classification. 

1. Myxoid areas are sometimes present in a tumor composed predominantly 
of other tissue, such as the liposarecoma and rhabdomyosareoma. Stout considers 
these tumors with ‘‘myxo’’ incorporated in their nomenclature (i.e., myxolipo- 
sarcoma) to have been erroneously classified as a variant of the true myxoma. 

2. Myxosarecomas are classified in certain instances as belonging to the 
myxoma group; however, this seems inaccurate because myxosarecomas metas- 
tasize while myxomas, as defined by Stout,? do not metastasize. 

3. The tendon sheath ganglions and skin lesions which resemble myxomas 
have sometimes also been included with the myxoma group. 
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4. There is considerable controversy regarding myxoid tumors of the heart. 
These are the only neoplasms termed myxomas from which metastases have been 
reported.” * This exception suggests that the metastatic tumors are probably 
sarcomas which appear as myxomas, or the apparent metastases might have 
been emboli and not true tumor dissemination. 

These varied opinions make it difficult to classify and evaluate the behavior 
of the true myxoma. 


. 2.—Photomicrograph of the myxoma demonstrating the — of intercellular 
mucin and characteristic stellate cells (250 


Incidence.—Stout,? in 1948, reviewed 143 myxomas exclusive of those of 
the heart. Seventy-two per cent of these lesions were either in the subeutaneous 
and aponeurotic tissue, bone, skin, or genitourinary tract—the incidence was 
approximately equal in the four sites. Eighteen per cent arose from the intes- 
tine, retroperitoneal tissue, sinuses, nares, joints, orbit, eyelids and muscle; 2 
to 3 per cent were present in each location. Four per cent were from the 
pharynx and tonsil. The remaining 6 per cent arose from the spleen, appendix, 
liver, ear, parotid gland, or intracranial sites. 

There were no pulmonary lesions in this series. Only one true myxoma has 
been previously reported from the lower respiratory tract. This lesion, removed 
from the lung of an 8-year-old boy, was described by Placitelli (1953) in the 
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Italian literature: The tumor was the ‘‘size of a small egg’’ located in the 
apical-posterior segment of the left upper lobe. A wedge resection of the lesion 
was performed and 18 months after operation the patient was well without evi- 
dence of recurrence. 

Clinical Characteristics.—The criteria for recognition of these tumors and 
their clinical and biologie behavior have been clarified by Stout.2, No age or sex 
predominance is associated with the myxomas. The tumors grow slowly with 
intermittent periods of rapid enlargement and patients who were symptomatic 
with this lesion often waited as long as 4 years or more before seeking surgical 
treatment. There do not seem to be any outstanding clinical characteristics be- 
cause many of the lesions are buried in bone or other deep structures. Perhaps 
the most consistent clinical characteristic of these tumors is their tendency to 
recur locally after inadequate excision. 

Pathology—The gross pathologie anatomy of myxomas is very similar to 
that of their fibroplastie counterparts except that the homogenous pale cut 
surface has a gelatinous, glistening appearance. Microscopically the basic cells 
are loosely arranged in a mucoid stroma or ground substance. This ground 
substance stains positively for mucoprotein or ‘‘mesenchymal mucus’’ and is 
probably largely hyaluronic acid. Fine reticulin fibers course through this 
stroma and between the cells. There may be moderate variations in the cell 
size and shape, anaplasia is slight and mitotic activity obscure. The cells may 
assume a fibroblastic appearance in the more dense areas. This appearance 
(fibroblastic) is the only degree of metaplasia that should be allowed in defining 
these tumors as true myxomas (Stout). 

Many neoplasms composed primarily of cartilage, fat, fibrous or other tis- 
sue exhibit edematous areas which may or may not contain sufficient ground 
substance (mucoid stroma) to stain with mucin stains. The use of the prefix 
‘‘myxo’’ in such instances (i.e., myxoliposareoma) is confusing, because the 
behavior of these tumors is in accord with their dominant tissue and is not 
known to be modified by the presence of their ‘‘myxomatous’’ features. Such 
tumors do not meet the requirements of true myxomas. 

The true myxoma then is a unicentric tumor which grows by infiltration 
and expansion of the initial lesion and histologically exhibits characteristic 
stellate cells with a predominance of intercellular mucin. Apparently it does 
not metastasize but threatens vital structures by its progressive growth. The 
largest single group of tumors or tumor-like masses reported as myxomas have 
been found in the heart and it is questionable whether all of these tumors are 
true myxomas. Such tumors probably represent undifferentiated mesenchymal 
proliferation which may be either neoplastic, granulomatous, or thrombotic. 

The use of the term ‘‘malignant myxoma’’ has been questioned. The only 
recorded instance of myxoma metastasis has been from a primary cardiac le- 
sion.* Stout considers the myxoma malignant only because it often presents 
as an infiltrating growth which persistently recurs locally when not adequately 
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excised and may eventually result in the patient’s death. This behavior differs 
from the usual benign tumor and seems to justify the use of the term malignant 
even though metastasis does not occur. 


Treatment.—A biopsy of any suspected mesenchymal lesion should be per- 
formed whenever possible to establish the diagnosis so that a wide, primary 
excision may be planned and executed.? Inadequate initial operative removal 
results in recurrence of the tumor, which is not usually fatal unless vital areas 
are invaded. A patient, 65 years of age, has been reported who had eight 
operations for a myxoma of the cervical region which repeatedly recurred over 
a 36-year period.® 

The exact extent of the infiltration that accompanies this tumor is often 
difficult to recognize grossly; therefore, a wide, initial excision of the lesion 
is the treatment of choice, except in bone where simple curettage has proved 
to be an effective procedure in several instances. Radiation therapy has a 
limited usefulness in the treatment of myxomas. 


SUMMARY AND CONCLUSIONS 


A primary myxoma of the lung has been reported which was successfully 
treated by resection without evidence of recurrence after 28 months. One other 
similar lesion has been previously reported in the literature. The pulmonary 
myxoma apparently exhibits the same histologic appearance and biologic be- 
havior as myxomas which originate elsewhere in the body. 

Myxomas should be defined by strict histologic criteria including their char- 
acteristic stellate cells and prominent intercellular mucinous stroma. Accepting 
these criteria, tumors composed primarily of other tissue elements are excluded. 
The myxoma is basically a benign tumor with a tendency to repeated local re- 
currence. 

The biopsy of a suspected mesenchymal tumor should be performed when- 
ever possible before treatment is begun. Experience with extrapulmonary 
myxomas demonstrates that successful treatment depends upon a wide, initial 
surgical excision. Radiation therapy is of limited usefulness. 


We wish to express our appreciation to Dr. David E. Smith, Chairman, Department of 
Pathology, for his assistance in the preparation of this manuscript. 
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BRONCHIOLAR (PERIPHERAL LUNG) NEOPLASMS AND 
PREVIOUSLY UNDESCRIBED OBSERVATIONS ON THE 
ORIGIN OF BRONCHIOLAR CARCINOMA 


Stanton L. Eversole, Jr., M.D., and William F. Rienhoff lll, M.D., 
Baltimore, Md. 


INTRODUCTION 


N ROUTINE autopsy material, one very occasionally finds a subpleural nodule 
which on histologic examination is found to be a small bronchiolar ade- 
nomatous tumor or malformation (see Figs. 1, 2, 3, and 4). These lesions 
usually are only a few millimeters in diameter, but may be larger. Their 
subpleural location and, in the very small ones, their obvious relationship to 
bronchioles is very characteristic. While these little tumors are not common 
they certainly are not rare. In our material no examples of multiple tumors 
were found, although no special search for them was made and, because of 
their size, they could easily have been overlooked. We have regarded these 
lesions as inconsequential incidental findings until recent years when, in the 
surgical pathology laboratory, two similar localized tumors, but much larger 
and showing some histologic evidence of malignancy, have been encountered. 
Both of these lesions were asymptomatic, having been detected as incidental 
findings in routine chest x-ray studies. These clinically evident cases 
prompted us to peruse the literature and to our astonishment no references 
to benign tumors of this type were readily found. In the numerous reports 
on bronchiolar carcinoma and pulmonary adenomatosis only one mention of 
such a localized and innocuous lesion (as is depicted in Figs. 1 and 2) is 
described. Laipply, Sherrick, and Cape,' in presenting cases of bronchiolar 
tumors (by which term they mean bronchiolar carcinoma, pulmonary ade- 
nomatosis, ete.) pictured one small tumor and characterized it as the ‘‘smallest 
bronchiolar adenoma yet described.’’ We were also surprised that these lit- 
tle tumors have not been given attention as possible foci of origin for bron- 
chiolar carcinoma because certainly, in the larger lesions, there are many 
histologic features common to both. 
Cases 1, 2, 3, and 4 are presented as definitely benign adenomatous mal- 
formations of the bronchioles. Cases 6 and 7 are examples of bronchiolar 
— the Departments of Pathology and Surgery, the Johns Hopkins University School 
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carcinoma which bear a striking resemblance to the benign adenomatous 
malformations and we propose that the tumors arose from similar malforma- 
tions. Case 5, an example of localized pulmonary adenomatosis, is presented 
only to contrast the histology of this disease with that of bronchiolar ear- 
cinoma. 


CASE REPORTS 


Case 1—(A. N. 20637) This 58-year-old Negro woman died of carcinoma of the 
pancreas which involved the ampulla of Vater, producing obstructive jaundice. In addi- 
tion to the primary pancreatic carcinoma, there were mesenteric lymph node metastases, 
acute cholangitis, and liver abscesses. 


Fig. 1—Case 1. The small tumor is shown in its entirety. The arrow points to a 
bronchiole associated with the tumor nodule. This little tumor is circumscribed, but not 
encapsulated. The thick fibrous septa are continuous with the alveolar septa. One portion of 
the tumor is composed of solid masses of hyaline. The epithelium forms a single layer of cells 
on the thick fibrous septa. No mucus is formed by these cells (Autopsy No. 20637). 


In the left lung (lobe not stated) was a 3 mm. well-cireumscribed but not encap- 
sulated subpleural nodule (Fig. 1) which extended out of a bronchiole. The tumor was 
composed of thick fibrous septa with columnar, nonciliated, and nonmucus-forming epi- 
thelium. The fibrous septa blended in with the alveolar septa at the margins of the tumor. 
The epithelial cells had scanty cytoplasm. The center of the tumor was hyalinized. The 
other sections of the lung were normal. This little tumor is obviously a benign adenoma. 


CasE 2.—(A. N. 25289) This 64-year-old Negro man died of massive intestinal hemor- 
rhage. Emergency laparotomy revealed numerous colonic adenomatous polyps and, histo- 
logically, one of these showed extensive fresh hemorrhage. Postoperatively, the patient 
remained in shock and died. Other than extensive arteriosclerosis and hypertrophy of the 
left ventricle, the autopsy revealed only a number of benign adenomatous polyps in the 
transverse colon. 

Microscopically, one section of lung showed an irregular but circumscribed nodule 
separated from the pleura by a very narrow rim of lung parenchyma (Fig. 2). The lobe 
from which this came was not known. The nodule was composed of thick fibrous septa 
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which were lined by cuboidal and columnar nonciliated and nonmucus-forming epithelium. 
At one margin, the little tumor was continuous with a bronchiole; otherwise, the lung was 
normal. This tiny nodule is obviously an adenomatous malformation. 


Case 3.—(A. N. 12071) This patient was a 70-year-old white man who died of 
lymphosarcoma. The autopsy showed huge masses of retroperitoneal lymph nodes, and 
tumor replacing the left adrenal, infiltrating the diaphragm and tail of the pancreas. 
Histologically, the tumor was composed of small lymphocytes. 

The pulmonary lesion was a 1.5 em. nodule in the left upper lobe beneath the pleura 
which was umbilicated by the underlying tumor (Fig. 3). Histologically, this showed 
thick fibrous trabeculae which arborized and fused in a complicated manner. Lining the 
trabeculae was a single layer of epithelium which in places was thrown up into papil- 
lomatous folds. However, the epithelium was not overabundant and the rounded epithelial 


SSS TEAL ED | 


Fig. 2,—Case 2. This minute subpleural nodule shows its circumscription and lack_of 
capsule. The thick hyaline septa are covered by a single layer of cuboidal epithelium. The 
arrow points to a bronchiole associated with the tumor (Autopsy No. 25289). 


cells were not packed closely together, producing a cobblestone-like surface to the clefts. 
The epithelial cells had scanty cytoplasm and large nuclei. No cilia and no mitoses were 
seen. The thick fibrous trabeculae, in appropriate stains, showed masses of elastic fibers. 
The base of the tumor at the pleura was composed of hyaline tissue in which were 
numerous large blood vessels, but only occasional remnants of epithelium. The tumor 
was circumscribed but not encapsulated. The fibrous trabeculae were continous with 
the alveolar septa and the clefts merged with the alveoli. This small nodule is a benign 
adenomatous tumor or malformation. 


Case 4.—(A. N. 16648) This 76-year-old white diabetic woman died of generalized 
peritonitis following resection of an adenocarcinoma of the transverse colon because of 
leakage at the suture line. No metastases were found. 

In the right upper lobe was a 1 em. subpleural nodule which was sharply outlined 
(Fig. 4). Microscopically, the nodule was composed of thick fibrous septa which were 
lined by nonciliated cuboidal epithelium which had scanty cytoplasm. The cells produced 
no mucus, were not ciliated, and their large nuclei showed no mitoses. Adjacent to the 
pleura, the tumor was hyalinized and several rather large arteries were present in this 
area. No relationship to a bronchiole was seen in the sections available for study. Histo- 
logically, this nodule is obviously a benign adenomatous malformation or tumor. 
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Fig. 3.—Case 3. The thick fibrous septa are covered by a single layer of cuboidal non- 
mucus-forming epithelium. The nuclei fill most of the rather shrunken epithelial cells. These 
+ ag rh not closely packed together producing an irregular surface to the clefts (Autopsy 
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Fig. 4.—Case 4. The thick fibrous septa are covered by cuboidal nonmucus-forming epi- 
thelium. The epithelial cells vary in height giving an irregular appearance to the clefts 
(Autopsy No. 16648). 
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CasE 5.—(A. N. 15612) This 68-year-old white woman died of congestive heart failure. 
The autopsy revealed generalized arteriosclerosis with arteriosclerotic narrowing of the 
coronary arteries. The left ventricle was dilated and hypertrophied and there was ex- 
tensive myocardial scarring. 

In the left upper lobe there was a 1 cm. tumor nodule just beneath the pleura (Fig. 
5). Histologically, this showed tall columnar cells lining delicate alveolar septa. The 
cells were not ciliated and their nuclei lay uniformly at the basal ends of the cells. These 
cells were uniformly distended with mucus and there was mucus in the alveolar spaces. The 
pleura was impinged upon, but not invaded and the lesion was sharply circumscribed. There 
were several bronchioles incorporated into the tumor, but these were intact. This is an ex- 
ample of a single small nodule of pulmonary adenomatosis. 


Fig. 5.—Case 5. The tall columnar mucus-producing epithelium forms a one cell layer 
membrane lining of alveolar septa. The nuclei lie at the base of the cells. The alveolar 
septa are not thickened or appreciably scarred (Autopsy No. 15612). 


CasE 6.—(H. N. 795575) This 69-year-old white man was admitted to the Johns Hop- 
kins Hospital for evaluation of a shadow, demonstrated by x-ray, in the upper portion of 
the right lung. His family and past history were not pertinent. Except for the year prior 
to this hospitalization, the patient had had x-ray studies of the chest annually for 12 years 
as part of routine physical examinations. The roentgenogram taken a few weeks prior to 
this hospitalization revealed a density in the right upper lobe (Fig. 6). He was entirely 
free of respiratory symptoms and his general health was excellent. The physical examination 
and laboratory studies revealed no abnormalities. The old roentgenograms were obtained 
for review and they were all normal except for the last one, taken 2 years previously. In 
retrospect, this showed a probable small density appearing in the right first interspace an- 
teriorly. Tomograms were made and these revealed no calcification in the lesion. Other 
x-ray studies to rule out a possible primary tumor elsewhere were negative. The old tubercu- 
lin skin test was positive (1:1000). A right scalene lymph node biopsy showed no abnor- 
malities. Through a right anterolateral incision, a thoracic exploration was performed. Be- 
neath a puckering of the pleura, a small mass was noted near the apex of the right upper 
lobe. This was biopsied and a frozen section revealed it to be a tumor, thought to be 
primary in the lung. The right middle lobe was partially atelectatic and near its hilum a 
firm rounded calcified mass was seen. The lower lobe and the mediastinum seemed normal. 





Volume 37 BRONCHIOLAR NEOPLASMS 
Number 6 


6.—Case 6. Lamiinogram of chest showing ill-defined density in right upper lung area 
(upper portion of density marked by arrow). 


g. 7.—Case 6. The hyaline core of the tumor is almost devoid of epithelium. Numerous 
endothelial-lined channels are seen. In such areas there are dense masses of elastic fibers. 
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Right upper and middle lobectomies were performed. The patient withstood the oper- 
ative procedure well, the postoperative course was uneventful, and he was discharged on 
the fifteenth postoperative day. Ten months later his local physician reported him to be 
well, but no further x-ray studies had been made. 

The gross specimen (S. P. No. 58-244) of the lung (right upper and middle lobe) 
showed two lesions; one beneath a dimpling of the pleura in the apical segment of the upper 
lobe and the other a firm 2 em. nodule on the medial and inferior surface of the middle 
lobe near the right middle lobe bronchus. On cutting the apical lesion, there was an ill- 
defined 3 em. nodule in the lung parenchyma with its base abutting on the pleura. This 
base of the tumor was cheesy in consistency and white. The borders of the tumor were ill 
defined. No bronchial communication was found. The middle lobe lesion was well cireum- 
scribed and did not connect with the middle lobe bronchus. On section, it was yellow with 
flecks of black anthracotic pigment in it. Careful opening of the major bronchi revealed 
no lesions. 

The histologic sections of the tumor nodule from the apical segment of the upper lobe 
showed extensive hyalinization in the base of the tumor abutting onto the pleura (Fig. 7). 
In this hyaline area, there were some epithelial cells forming acini or cysts with papillary 
projections. Elsewhere there were thick fibrous trabeculae which at the junction with the 
normal lung were seen to be continuous with the alveolar septa. These thick trabeculae 
were lined by cuboidal epithelial cells. Their free margins were rounded and as the cells 
did not lie very close together on the septa they produced an irregular cobblestone effect 
(Figs. 8 and 9). In places, the epithelium formed delicate papillary projections into the 
cystic spaces. Nowhere was mucus produced by the cells, but many epithelial cells lay free 
in the cystic spaces. The tumor cells had rather large nuclei and little cytoplasm. No 
mitoses were seen. In the hyalinized core were residual nests of tumor cells which in places 
formed cystic spaces, but in places the cells were more compact and had an epidermoid ap- 
pearance (Fig. 10). The epithelium in the hyalinized areas grew in a more irregular 
manner than elsewhere. Several large cystic bronchioles were present in the hyalinized 
areas and they had ciliated columnar epithelium. 

In appropriate stains, the thickened trabeculae showed much more elastic tissue than 
was present in the normal alveolar septa (Fig. 11). Im the hyalinized portions, there was 
also a great amount of elastic tissue, but there the possibility of collapse and concentra- 
tion of the elastica could not be ruled out. However, the elastic tissue in the thickened 
alveolar septa was continuous with the normal elastica in the alveolar septa. 

The nodule from the hilum of the middle lobe showed typical lipoid pneumonia 
(Fig. 12). Numerous giant cells, containing single large lipoid vacuoles as large as 
alveoli, were present and interstitial deposition of lipoid was seen. Extensive hyaline 
sear and chronic inflammation were present. Several small bronchi were involved in the 
lipoid pneumonia and, in one such bronchus, there was a microscopic tumor-like nodule 
growing down into the adjacent tissue (Fig. 13). The bronchial epithelium was ulcerated 
at this site. The cells of this small tumor grew in solid sheets and were entirely differ- 
ent from those of the apical lesion. This lesion probably is similar to the solid epithelial 
growths which are seen in cases of congenital cystic lungs.® In our opinion, this lesion 
was not related in any way to the apical tumor. The peribronchial lymph nodes were 
free of tumor as was the rest of the lung. 

The upper lobe lesion was diagnosed as a low-grade bronchiolar carcinoma. The 
middle lobe lesion was diagnosed as focal lipoid pneumonia with a focus of peculiar epi- 
thelial proliferation and downgrowth from a small bronchus. 


CasE 7.—(H. N. 708531) This patient was a 53-year-old male chemist who was ad- 
mitted for evaluation of a pulmonary density noted on a routine chest roentgenogram. 
The family and past history were negative. The patient had undergone annual physical 
examinations including x-ray studies of the chest for the previous 15 years. Five years 
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Figs. 8 and 9.—Case 6. The thick fibrous septa are covered by rounded cuboidal cells 
which secrete no mucus. The epithelial cells are not closely packed together on the septa 
and this produces the irregular surface of the clefts. (Surg. Path. 58-244.) 
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Fig. 10.—Case 6. 


In the hyaline core are foci of large irregular epithelial cells. Such 
areas are thought to represent some degree of malignancy. 


11.—Case 6. 


A great deal of elastic tissue is present in the fibrous septa. The 
epithelial cells stain faintly in this section (Verhoeff-van Gieson’s stain). In the hyalinized 
areas are dense masses of elastic fibers. 
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Fig. 12.—Case 6. The nodules from the hilar region of the right middle lobe show 
typical lipoid pneumonia. The rounded clear spaces are vacuoles which contained lipoid. The 
vacuoles are in macrophages, giant cells, and free in the alveolar septa. Numerous lympho- 
cytes are present. 

Fig. 13.—Case 6. In the nodule of lipoid pneumonia a small bronchus (top of figure) 
shows an ulceration with underlying scarring. Beneath this is a solid mass of abnormal 
epithelium. This epithelial proliferation is entirely different from the upper lobe lesion, 
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previously, a small density was noted in the right upper lobe area. In the ensuing years, 
the lesion was noted to increase in size somewhat, particularly in the 18 months prior to 
this admission. He had no symptoms of any sort. The admission physical examination 
and laboratory studies were within normal limits. The old tuberculin skin test was posi- 
tive in the 1:10,000 dilution. The roentgenogram revealed a small lesion in the right upper 
lobe area (Fig. 14). Tomograms revealed two ealcific densities associated with, but not 
actually in, the lesion. Cultures for acid-fast bacilli were negative. Exploration was 
decided upon and, on the fifth hospital day, a right upper lobectomy was performed. At 
operation, the mass was located posteriorly in the right upper lobe and measured about 
5 em. in diameter. There was no evidence of involvment of the mediastinal lymph nodes 
or of the right middle or lower lobes. The postoperative course was uneventful and the 
patient was discharged on the fourteenth postoperative day. 


14) 


Fig. 14.—Case 7. Radiogram of chest showing ill-defined infiltration in right upper lung 
area (see arrow). 


He was seen 30 months after the operation and at that time was doing well. His 
chest roentgenogram showed no lesion. 

The gross specimen (S. P. No. 55-3154) consisted of the right upper lobe of the lung 
and there was a small puckering of the pleura over the apical posterior segment. On 
section, dense cheesy material of a gritty consistency underlay the dimpled pleura. The 
tumor fanned out from this and blended in with the lung so that grossly its margins were 
hard to define. It was not encapsulated. The tumor had no bronchial relationship and 
the major bronchi were normal. 

The microscopic sections showed the tumor to be composed of rather thick trabeculae 
which were lined by columnar or cuboidal cells (Fig. 15). The free margins of the cells 
were rounded and the cells were uneven in height. As they were not very closely packed 
onto the trabeculae the epithelial surface had a cobblestone appearance. There was no 
capsule and the trabeculae blended in with the alveolar septa (Fig. 16). The nuclei were 
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Fig. 15.—Case 7. The tumor is composed of thick fibrous septa which are covered by 
cuboidal nonmucus-forming epithelium. At the margins the thick septa are continuous with 
the alveolar septa, but the tumor is well circumscribed. The nuclei are irregularly placed 
in the cells and little cytoplasm is present. 


Fig. 16.—Case 7. At the margins, the tumor trabeculae are continuous with the alveolar 
septa. The tumor is circumscribed, but not encapsulated. 
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seanty. No mucus, cilia, or mitoses were seen. The cen- 


large and the cytoplasm rather 
tral portion of the tumor was hyalinized and in this area were numerous large blood ves- 


sels and several large cystic bronchioles. Also, in the hyaline area were nests of epi- 


thelial cells which tended to form solid sheets of squamous-like cells. These, in places, 


17.—Case 7. In the hyalinized core of the tumor are solid foci of epithelium which 


Fig. 
histologically are regarded as being malignant. 

Fig. 18.—Case 7. Many elastic fibers are present in the thick septa and in the hyalinized 
areas are dense masses of elastic fibers. In this stain (Verhoeff-van Gieson) the epithelium 


stains faintly. 
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had the appearance of malignant cells (Fig. 17). The tumor extended to the pleura, but 
did not invade it. In appropriate stains, the trabeculae of the tumor showed an enormous 
amount of elastic tissue as did the central hyaline core of the tumor (Fig. 18). Numerous 
sections of the remainder of the lung and the bronchial lymph nodes showed nothing 
abnormal. 


DISCUSSION 


The several small tumors found incidentally in autopsies were well cir- 
cumscribed but not encapsulated single nodules lying beneath the pleura in 
the peripheral lung fields and were composed of thick fibrous septa covered 
by a layer of benign appearing cuboidal, nonmucus-forming, nonciliated epi- 
thelium. In the larger tumors, the centers were hyalinized. The thickened 
fibrous septa at the margins merged imperceptibly with the alveolar septa 
and, in appropriate stains, the thickened septa and hyalinized cores were 
seen to contain large numbers of elastic tissue fibers. These same features 
characterized the two lesions that became clinically evident and were excised. 
In these cases, however, the epithelium outside the hyalinized areas was more 
luxuriant and exactly reproduced the histologic picture of the nonmucus- 
forming type of bronchiolar carcinoma. The photomicrograph used by 
Liebow? to characterize ‘‘focal disseminated bronchiolar carcinoma”’ is cer- 
tainly similar to our cases. In another paper on this subject, Liebow® states 
that ‘‘the lesion may be encountered as a single peripheral focus, as multiple 
foci, and as an apparently diffuse lesion involving a major portion of a lobe 


or an entire lobe.’? Similarly, Watson and Smith,‘ in a discussion entitled, 


? 


‘‘Terminal Bronchiolar or Alveolar Cell Cancer of the Lung,’’ write the 
‘‘nodules were discrete and irregular in outline and occasionally had necrotic 
centers.’’ While they gave no microscopic descriptions, the photomicrograph 
and roentgenogram of their Case No. 21 would lead one to believe it to be 
similar to our case. Theirs was a small peripheral lesion which produced 
no symptoms. The 8-month follow-up revealed no further disease. Trimble,’ 
in a discussion of ‘‘coin lesions’’ of the lung, presented a 3 em. single bron- 
chiolar tumor similar to our cases. Storey,® in a review entitled, ‘‘Bronchio- 
lar (Alveolar Cell) Carcinoma of the Lung,’’ briefly presents 3 cases of his 
own which histologically resemble our cases. 

These are examples of localized peripheral lung tumors which ean be 
found in case reports and reviews of alveolar cell carcinoma or bronchiolar 
carcinoma. Unfortunately these names are used also for another non- 
bronchogenic or peripheral lung tumor, pulmonary adenomatosis, and its 
malignant counterpart, alveolar cell carcinoma, in which tall and usually 
well-differentiated mucus-secreting columnar e¢ells form a single eell thick 
membrane lining normal alveolar septa. This disease usually involves ex- 
tensive areas of the lung, although, in rare instances, it too may present it- 
self as a localized nodule, as in the case reported by Rosemond, Boucot, and 
Aegerter.’ The lesion in our Case 5, a 1 em. subpleural nodule, which was 
an incidental autopsy finding (see Fig. 5), is another example of a localized 
single focus of pulmonary adenomatosis. It is our opinion that pulmonary 





764 EVERSOLE AND RIENHOFF a 3 Sung, 
adenomatosis is probably a different disease from that under discussion. In- 
deed, in reviewing the literature, one gains the impression that several dis- 
eases have been loosely grouped under the heading of pulmonary adenoma- 
tosis or alveolar cell carcinoma. 

The remaining cases of bronchiolar carcinoma, like pulmonary ade- 
nomatosis, may involve extensive portions of the lung or may be localized 
lesions such as just deseribed. Indeed, it may be questioned whether many 
of these are frankly malignant tumors. It is probable that our cases (6 and 
7) are low-grade malignant neoplasms. Others (Cases 1, 2, 3, 4) are un- 
doubtedly benign and have many features of malformations rather than tumors. 

These bronchiolar adenomatous malformations (Cases 1, 2, 3, 4) bear 
such a close resemblance to the frankly neoplastic lesions of Cases 6 and 7 
that it is difficult not to believe that the tumors arose in similar malformed 
areas. While it is generally believed that bronchiolar carcinoma arises from 
bronchiolar epithelium, no theory for their arising in bronchiolar malforma- 
tions, such as is depicted in Figs. 1 and 2, can be found in the literature. 
Laipply, Sherrick, and Cape’ described such an adenomatous nodule which 
they described as the ‘‘smallest bronchiolar adenoma yet described.”’ A 
close analogy to this possible origin of bronchiolar neoplasms would be the 
common renal tubular adenomatous malformations which, at times, may be 
so neoplastic in appearance that they are difficult to distinguish from the 
malignant renal tumor, hypernephroma. All gradations from the tiny mal- 
formations to the malignant hypernephromas exist.® 

The benign adenomatous bronchiolar malformations, of our cases, are all 
single lesions, but if the lungs from these autopsied cases had been exhaus- 
tively studied, multiple nodules might have been found. Multiple lesions 
would be a possible explanation for the common widespread nature of bron- 
chiolar carcinoma in the lungs. It is clear that bronchiolar carcinoma in some 
eases is a localized tumor that is readily curable by surgical excision. 


SUMMARY 


Four examples of benign bronchiolar tumors are presented which were 
incidental autopsy findings. The smaller of these lesions (Cases 1 and 2, 
Figs. 1 and 2) strongly suggest that they are malformations while the larger 
ones (Cases 3 and 4, Figs. 3 and 4) have characteristics of frank tumor at 
their periphery, but retain the malformation-like structure centrally. Two 
successfully surgically treated cases of very slowly growing localized bron- 
chiolar carcinoma are presented (Cases 6 and 7) and their striking similarity 
to the incidentally found autopsy cases is shown. The new concept that 
bronchiolar carcinoma may arise from bronchiolar adenomatous malforma- 
tions, in single or multiple foci, is put forth. The resemblance to the bron- 
chiolar adenomatous malformations in photomicrographs and histologic de- 
scriptions of reported cases of bronchiolar carcinoma is discussed. Whether 
some of the reported cases of bronchiolar carcinoma are indeed malignant 
neoplasms is questioned. 
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One example of localized pulmonary adenomatosis, another tumor arising 
peripherally in the lung, is included (Case 5, Fig. 5), only to contrast its 
histologic picture with the bronchiolar tumors. While in the literature, for 
the most part, pulmonary adenomatosis and its malignant counterpart, alveo- 
lar cell carcinoma, are indiscriminately grouped with bronchiolar carcinoma, 
these two diseases, in our opinion, are different in nature and should not be 
grouped together. 
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CARCINOSARCOMA OF LUNG OF PERIPHERAL ORIGIN 


Charles N. Peabody, M.D.,* Framingham, Mass. 


HIS is a ease report of an elderly man who was treated for suspected tumor 
pe the mediastinum and who was found to have a carcinosarcoma of the lung. 
This presentation illustrates the unusual histologic composition of the tumor, its 
atypical roentgenologic features, and its rare occurrence. 


CASE REPORT 


This 74-year-old man was admitted to the VA hospital, Providence, BR. I., on Jan. 11, 
1955, with the chief complaint of daily hemoptysis for the previous 6 weeks. He had 
slight left chest pain but no weight loss. Past history revealed a cholecystectomy and 
choledochostomy in 1953, and the smoking of twenty cigarettes a day for ‘‘many years.’’ 
Physical examination revealed diminished breath sounds over the left chest anteriorly, but no 
rales were heard. Testicles were normal. Blood and urine studies were normal. X-ray 
studies of the chest disclosed a sharply circumscribed, somewhat lobulated, homogeneous mass, 
measuring 11 em. by 9 em., which extended from the level of the aortic arch down to the 
hilar region and lay anterior to the trachea, possibly compressing it slightly (Fig. 1). The 
mass was not present in x-ray studies of May 28, 1953. An intravenous pyelogram was nor- 
mal. Bronchoscopy revealed a small amount of blood issuing from one of the subdivisions 
of the left upper main-stem bronchus, probably one of the lingula bronchi. A Papanicolaou 
smear of the bronchial secretions was consistent with chronic inflammation. Preoperative 
diagnosis was a malignant tumor of the mediastinum. 

On Jan, 24, 1955, an exploratory thoracotomy and left upper lobectomy were carried 
out. The left lung showed complete development of the major fissure and adherence to the 
thoracic apex and the mediastinal border. A smooth, lobulated tumor presented in the 
anterior segmental portion of the upper lobe and appeared to infiltrate the mediastinum, 
where it was adherent to the phrenic nerve and upper pericardium. It was also adherent 
to the areolar tissue surrounding the root of the heart. Removal of the tumor necessitated 
excision of a block of pleura and phrenic nerve. Poor pulmonary reserve in this elderly 
patient contraindicated total pneumonectomy. 

The patient did well following the operation but suffered thrombosis of the popliteal 
artery of the right leg and underwent a mid-thigh amputation. He was discharged im- 
proved on Feb. 23, 1955. However, he returned to the hospital on May 23, 1955, and died 
of a bleeding duodenal ulcer. At autopsy he was found to have metastasis of this same 
mixed tumor to retroperitoneal and mesenteric lymph nodes, to liver, to pancreas, and to 
both kidneys and adrenals. The organ metastases showed both histologic components in 
every case. 

Received for publication Nov. 3, 1958. 


*Assistant in Surgery, Massachusetts Memorial Hospitals, Boston, Mass.; Visiting Sur- 
geon, Framingham Union Hospital, Framingham, Mass. 
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Pathologic Study.— 


Gross examination: The left upper lobe and its tumor weighed 260 grams. The 
rounded mass was 8 cm. in diameter. When the lung was incised, a large solid tumor rolled 
out of the lung revealing a cavity lined by a shaggy membrane, 0.2 em. thick. On section, 
the tumor was wet, friable, and gray with alternating dark red zones of hemorrhage. Dissec- 
tion of the bronchi to the fifth order in all directions revealed no evidence that the tumor 
arose from the opened lumina. Nine intrapulmonary nodes were found, the largest of which 
was 1 cm. in diameter. 


Fig. 1.—This posteroanterior roentgenogram shows the smooth peripheral border of the tumor 
which on lateral films was seen to be in the anterior superior mediastinum. 


Microscopic examination: Multiple sections revealed a malignant neoplasm composed 
of cells of two distinct histologic types. Type A showed an epithelial component of atypical 
polyhedral and low columnar cells forming large and small irregular glands, often with 
papillary arrangement. The carcinoma cell type strongly suggested peripheral (alveolar) 
origin. The individual cell of Type A had a large oval nucleus with coarse granular 
chromatin and violet cytoplasm. Type B was a malignant mesenchymal tumor which 
Gomori’s trichrome and Laidlaw’s reticulum stains identified as fibrosarcomatous with 
a delicate reticulum pattern surrounding the individual spindle cells. The cells of Type B 
were long and fusiform, irregular, with granular nuclei and blue cytoplasm but were not as 
deeply colored as the cells in Type A. Numerous mitoses were seen in both components. 
Throughout the stroma were areas of necrosis and hemorrhage. No tumor was seen in the 
lymph nodes and the tumor had not invaded its ‘‘capsule.’’ Final diagnosis: Malignant 
mixed tumor of the lung with adenocarcinomatous and fibrosarcomatous components. 
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DISCUSSION 


According to Willis,° a carcinosarcoma in a neoplasm of epithelial and non- 
epithelial cells or an epithelial neoplasm with sarcomatous degeneration of its 
stroma. It is not to be confused with the ‘‘collision tumor’’ which is an acci- 
dental growth of a sarcoma and carcinoma next to one another. Multiple section 
examination will reveal there is no free intermingling of components as is seen 
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Fig. 2.—This photomicrograph, taken of the tumor tissue stained by Gomori’s trichrome 
method, shows the intermingling carcinoma cells in gland pattern and the atypical fibro- 
sarcoma cells. (xX 125; reduced %.) 


in the carcinosarcoma. Bergmann, Ackerman, and Kemler,’ state that carcin- 
osarcoma of the lung is rare since they were able to find mention of only 8 
other cases in the literature. The histologic feature of our tumor differs 
slightly from the cases reported by Bergmann and his associates. The carcin- 
omatous elements in the two tumors he studied were epidermoid in differentia- 
tion. Frank? reports a 45-year-old man who had a large lesion in the left lower 
lobe with metastasis to the heart, stomach, duodenum, and kidney. At autopsy, 
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the tumor had an adenopapillary pattern in the carcinomatous element and 
spindle cells in the sarcomatous component. Ogawa‘ reports a 70-year-old man 
who died with a lesion in the right upper lobe without metastasis. Microscopy 
revealed that the carcinomatous component was adenocarcinoma with transi- 
tional cells. The sarcoma was composed of spindle cells. Weber® describes a 
77-year-old man with a large left upper lobe tumor which had metastasized to 


Fig. 3—The same tissue sections stained with Laidlaw’s reticulum show the fine pattern 
of reticulum seen in fibrosarcoma. (xX 125; reduced %.) 


hilar and mesenteric lymph nodes, brain, adrenal, kidney, stomach, and je- 
junum. Histologic examination revealed epidermoid, adenocarcinomatous, and 
undifferentiated carcinoma in it, as well as spindle cell sarcoma. All authors 
report that a carcinosarcoma may metastasize as a sarcoma, as a carcinoma, or 
as both. The gross features of this case also differ from the cases reported by 
Bergmann which were of pedunculated intrabronchial tumors. Our lesion 
was not associated with a major bronchus and was probably of bronchiolar 
origin. The 2 patients reported by Bergmann were alive without evidence 
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of recurrence at 6 years and at 11% years, respectively, after total pneumonec- 
tomy. The other cases mentioned in literature were based on autopsy findings. 
Liebow* suggests that carcinosareomas of lung may represent epidermoid 
tumors manifesting a tendency toward: extreme pleomorphism. Our positive 
reticulum stain does not support his view. 

Willis reviews some experimental work concerning the origin of carcin- 
osarcoma and suggests that a mother cell may give rise to both carcinoma and 
sarcoma in the same tumors in animals, and perhaps human origin is on the 
same basis. He points out that apparent sarcomatous changes may take place 
in a carcinoma successively transplanted in animals. He likewise notes that 
certain chemical carcinogens have been said to produce tumors of both 
sarecomatous and carcinomatous constituents. 


SUMMARY 


A ease is reported of an elderly man who underwent left upper lobectomy 
for a tumor in the chest resembling a mediastinal mass. The tumor proved to 
be a carcinosarcoma of the lung, with adenocarcinomatous and fibrosarcomatous 
components. At autopsy, 5 months after lobectomy, metastases containing both 
histologic components were found in retroperitoneal and mesenteric lymph nodes, 
in liver, pancreas, both kidneys, and both adrenals. This is the eleventh car- 
einosareoma of the lung (and the first of peripheral origin) reported in the lit- 


erature. 
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LUNG CANCER—METASTATIC THEORY AND 
SURGICAL PRACTICE 


W.I. B. Onuigho,* M.B. (Glas.), BSc. (Lond.), Glasgow, Scotland 


I‘ SURGERY for lung eancer, there is need for the surgeon “to better his tech- 
nique and the efficiency of his curative operations” (Brock*). In this con- 
nection, it is agreed that lymph nodes should be excised but to date there is no 
general agreement on how far to go. Thus, while Watson’? wanted “a radical 
pneumonectomy which removes all possible lymphatic areas,” Delarue* deprecated 
“a, direct surgical attack on ipsilateral mediastinal lymph nodes.” 

Hayward® has suggested that the surgery of lung cancer “would be far 
more securely established if it could be shown to rest on sound pathological prin- 
ciples.” For example, is radical pneumonectomy justified on pathologie grounds? 
It was the late Archibald Leitch’ who pointed out that radical operations should 
be based on numerous pathologie studies aimed at discovering metastatic routes. 
The present paper fulfills this objective by bringing together studies that I. have 
carried out on metastatic pathways in bronchogenic carcinoma, It justifies 
radical pneumonectomy. 


INVESTIGATIONS 


Statistical analysis of 1,000 necropsy records of lung cancer collected from 
Glasgow hospitals showed a significant involvement of the ipsilateral adrenal 
(Onuighbo*). The value of y? was 8.4, p being less than 0.005. In eases showing 
bilateral adrenal metastases, the ipsilateral deposit was usually larger than the 
contralateral. Out of 184 eases, in which bilateral deposits were fully described, 
there were larger ipsilateral deposits in 121 and larger contralateral growths in 
only 63 (Onuigbo’’). This ipsilateral preponderance is highly significant. 

Of 115 bronchial carcinomas metastasizing to the liver, 77 gave rise to de- 
posits confined to, or predominating in, the ipsilateral lobe; only 38 cases showed 
a contralateral tendency (Onuigbo’). This ipsilateral trend is significant 
(x? = 13.26, p < 0.001). 

On analyzing 260 bronchial carcinomas invading the kidneys (Onuigbo’®), 
I found that 150 showed deposits which were either ipsilateral or larger ipsi- 
laterally, as against 110 showing a contralateral trend. This finding is also 
significant (x? = 6.15, p < 0.025). 


From the Department of Pathology, The University and Western Infirmary, Glasgow, 
Scotland. 

Received for publication Nov. 4, 1958. 

*Present address: General Hospital, Enugu, Nigeria. 
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A collateral study on the brain also showed a significant ipsilateral disposi- 
tion with respect to the metastatic involvement of the cerebral and cerebellar 
hemisphere— x? = 5.02, p = 0.025 (Onuigbo"!). Fifty-five cases collected from 
the literature gave a comparable result. 


DISCUSSION 


In eanecer surgery, according to Allison,’ ‘‘rough generalizations are pos- 
sible and are clinically helpful.” Since radical pneumonectomy requires ex- 
cision of all ipsilateral lymphatic tissue, it is helpful to be able to generalize that 
lung cancer spreads ipsilaterally. My topographical studies are in accord with 
this generalization. Lymph node invasion is also largely ipsilateral (Onuigbo*). 

These observations suggest that, in the genesis of visceral metastases, 
lymphatie carriage of cancer cells is a probability. In consequence, since ipsi- 
lateral lymphatie tissue in the chest is the logical halfway station for such 
distant metastases, the desirability of radical clearance of all such tissue at 
pneumonectomy would seem to be indicated. 

Long ago, Arnott? noted that the zeal and. hopefulness of a surgeon de- 
pended “in a great measure upon the particular theory which he may hold.” 
Handley® was of the opinion that the hematogenous theory of metastasis has 
“remained as a direct discouragement to the surgeon’s efforts.” Fortunately, as 
shown above, this need not be, for a lymphogenous theory is possible. This 
theory in principle justifies the operation of radical pneumonectomy for lung 
cancer. 


CONCLUSION 


Early diagnosis and adequate surgery can change the dim outlook in lung 
eancer. Radical excision of ipsilateral lymphatics is not yet generally accepted 
as the treatment of choice in this fell disease. It is, however, a sound procedure 
for topographical pathology suggests that lung cancer exhibits a statistically 
significant bias toward invading ipsilateral lymph nodes, adrenal, kidney, 
hepatic lobe, cerebral and cerebellar hemispheres. If the patient’s condition 
allows it, prophylactic dissection of all lymphatic tissue in the hemithorax is 
indicated. 
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OBSERVATIONS ON PULMONARY VASOMOTOR REFLEXES 


Paul W. Sanger, M.D., Francis Robicsek, M.D., Frederick H. Taylor, M.D., 
Roberto Magistro, M.D., and Egidio Foti, M.D., Charlotte, N. C. 


—— hypertension is a frequent eompanion of various cardiopul- 
monary diseases. Many operations have been performed with the aim 
of curing or preventing this complication; still the basie physiologic prob- 
lems of pulmonary hypertension are far from being solved. 

Many years go, primary pressure elevation in the left atrium and pul- 
monary veins was cited as an explanation for pulmonary hypertension in 
mitral stenosis and in left ventricular failure. It has been generally accepted 
also that increased pulmonary flow alone may be responsible for the develop- 
ment of pulmonary hypertension in certain cases of congenital heart disease. 

Progress in circulatory research introduced by heart catheterization has 
shown the problem of pulmonary hypertension is more complex than pre- 
viously supposed. Interest has been focused on special functional problems 
of the lesser circulation, primarily the role played by the small pulmonary ves- 
sels in the regulation of blood pressure in the lungs. 

The relationship between pulmonary hypertension and anatomic changes 
in the small pulmonary vessels in different cardiopulmonary conditions has 
been investigated extensively and described in detail.17 The circumstances 
affecting the functional changes which precede or accompany anatomic 
changes differ. There is considerable controversy regarding vasomotor control 
of the pulmonary circulation. Some investigators*-!° deny even the existence of 
vessels in the lung capable of vasoconstriction, but others"! believe that pul- 
monary vascular reflexes deeply affect the clinical picture, limit the surgical 
operability, and influence the postoperative results. 

It has been asserted*® *» 24 25 8% 43 that elevation of the left atrial and 
pulmonary venous pressures causes a great increase in pulmonary arterial 
pressure in conditions where the pulmonary capillary pressure approaches the 
colloidal osmotic pressure of blood. Dexter and his associates?* have sug- 
gested that this elevation of pulmonary arterial pressure might be due to a 
reflex arteriolar vasoconstriction. They also proposed that an increase in the 
pulmonary arteriolar resistance (“precapillary barrier”) may protect the 
capillary bed of the lungs from a sudden surge of blood from a competent 
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right ventricle, thus preventing the development of pulmonary edema. This 
theory was supported by clinical observations!*® 1% 27 3° 82, 3% 4% 44, 47,50 that 
abnormally high pulmonary arteriolar resistance may be decreased by the 
administration of ganglion blocking agents or by performing a successful 
mitral commissurotomy. 

The concept concerning pulmonary reflex vasospasm has been challenged 
recently. 


1. Some authors state that they were unable to find an increase in pul- 
monary arteriolar resistance following exercise in patients with mitral 
stenosis.°? 

. Others contended that the effect of ganglion blocking agents is due 
to systemic vasodilatation and “pooling of the blood” rather than to 
pulmonary arteriolar dilatation.*® 4) °+ 
Finally, other investigators found that elevation of left atrial and pul- 
monary venous pressures was followed by an immediate decrease in 
pulmonary arteriolar resistance, which is in complete disagreement 
with the reflex theory.’> 1% °° 


Because of the controversy, we thought it reasonable to investigate the 
problem of pulmonary vasomotor response by elevating the pulmonary venous 
pressure experimentally, where this effect could be selectively studied. 


MATERIALS AND METHODS 


Mongrel dogs, weighing from 10 to 20 Kg., were used. They were an- 
esthetized by sodium Pentothal and intubated endotracheally. Ventilation 
was maintained with a Jefferson respirator. A left anterolateral thoracot- 
omy was performed in the fourth interspace. The hilus of the lung was cau- 
tiously dissected and care was taken to avoid injury to the hilar and peri- 
vascular nerve fibers. Ligatures were placed around the left pulmonary 
artery and veins and the left main bronchus was isolated and occluded. Leav- 
ing the nervous connections intact, the left lung was excluded from ventila- 
tion and pulmonary circulation. 

The veins of the isolated left lung were cannulated with polyethylene 
tubes. These tubes were brought through the chest wall as the thoracotomy 
incision was closed, and the pleural cavity was drained through an inter- 
costal catheter placed under 4 em. of water. Thereafter, spontaneous respira- 
tion was restored. 

Then normal saline (in some of the experiments whole blood) was in- 
fused through the polyethylene tubes. In this way the pressure in the veins 
and eapillary system of the isolated left lung was elevated to 35 to 45 mm. Hg 
without directly altering the hemodynamics of the intact right lung or the 
systemic circulation. 

In the course of the experiments, pressure was measured continuously 
in the right pulmonary artery, left atrium, femoral artery, inferior vena cava, 
left pleural cavity, and in the veins of the isolated left lung. The mean pres- 
sure was determined by electronic integration. The ventilation and oxygen 
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uptake were measured bronchospirometrically. Blood samples were taken 
from the right pulmonary artery and from the left atrium. The oxygen con- 
tent of these samples was determined photometrically. 

The blood flow through the right lung and systemic vessels was caleu- 
lated by the Fick principle. Pulmonary arteriolar resistance was calculated 
and expressed in dynes per centimeter per second units by dividing the pul- 
monary artery-—left atrium pressure gradient by the pulmonary blood flow. 


ELECTRO- 
MANOMETER 


4 


Fig. 1.—Schematic representation of the experiment. 


Rhodanate dye was infused in 5 experiments, and the “escaped” volume 
through the bronchial vessels and lymphatics was determined. 

In a control series of experiments, a right thoracotomy was performed 
under aseptic conditions. The entire right thoracic sympathetic chain was 
extirpated from the stellate ganglion to the diaphragm. The vagus nerve 
was dissected free and all its thoracic branches were severed. The chest was 
closed thereafter in the usual manner. Fourteen to 16 days following this 
operation a left thoracic sympathectomy with transsection of the thoracic 
vagus branches was done. The procedure otherwise (isolation of the left 
lung, ete.) was identical to that described in the first series. 


RESULTS 


Thirty experiments were performed in the first series and 10 in the second 
(control) group. A summary of the results derived from these experiments 
follows. 

Abnormally increased pressure in the venous and capillary system of the 
isolated lung did not alter generally the systemic circulation. The arterial 
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and venous pressures remained the same. The cardiac output increased more 
than 30 per cent only in 3 and decreased in 7 cases. There was no significant 
change in the systemic circulatory resistance, arterial oxygen saturation, or 
arteriovenous oxygen difference. The left atrial pressure remained stabile. 

In most of the experiments, the infusion was followed by a moderate in- 
erease in the respiratory rate without a significant alteration of the minute 
ventilation or oxygen uptake. 
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Fig. 2.—Changes in pulmonary arterial pressure after high pressure infusion. 


Unlike the systemic circuit, the hemodynamics of the intact right lung 
changed profoundly. In 30 cases, the pulmonary arterial pressure rose sig- 
nificantly in 20 cases, slightly in 4, decreased moderately in 3, and remained 
the same in 3. In most of the cases, the pulmonary arteriolar resistance rose 
sharply, indicating arteriolar vasoconstriction. In 16 cases this elevation 
exceeded 100 per cent of the basal values. This elevation of the arteriolar 
resistance became manifest primarily in the elevation of the pulmonary ar- 
terial pressure and not in the decrease of the pulmonary blood flow. 

In 10 control cases where bilateral thoracic sympathectomy and trans- 
section of the pulmonary vagus branches preceded the experiment, the above 
changes in pulmonary hemodynamics did not develop. The pulmonary ar- 
terial pressure elevated moderately only in 1 case (6 mm. Hg), slightly in 5, 
and remained the same or decreased moderately in 5 cases. We were unable 
to observe significant elevation in the pulmonary arteriolar resistance (more 
than 30 per cent) in any of the control animals. 

In 5 experiments, where rhodanate was added to the infusion, the 
“escaped” fluid volume was estimated and found to be negligible (less than 
40 ml. in an observation period of 20 minutes). 
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DISCUSSION 


In the experiments described, normal saline solution or blood was infused 
under pressure into the isolated left lung. The most important circulatory 
event observed in the course of the infusion was the acute development of 
pulmonary hypertension in the intact right lung. This may have different ex- 
planations. 








Fig. 3.—Changes in pulmonary “vascular” circulatory resistance after high pressure infusion 
(expressed in per cent of the basal values). 


One such explanation is that the left lung was isolated from the pul- 
monary but not from the bronchial or lymphatic circulations, and part of the 
infused fluid escaped through these vessels, increasing acutely the circu- 
lating blood volume. This hypervolemia may lead to the development of 
pulmonary hypertension in animals having undergone a physiologic left 
pneumonectomy. 

Our experimental observations proved that such hypervolemia could not 
account for the increase in pulmonary arterial blood pressure. 

1. In 27 out of 30 cases the cardiac output remained the same or even 
decreased, indicating that the pressure elevation was due to an increase in 
circulatory resistance and not to an increase of pulmonary blood flow. 
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2. Systemic venous and left atrial blood pressures also remained stable. 

3. Furthermore, the rhodanate dye determinations gave evidence that 
the “escaped” volume did not exceed 20 to 40 ml., which is negligible. 

4. Finally, our experiments showed that this pulmonary arterial pres- 
sure elevation was not due to an increase in intrathoracie¢ pressure. 

The inerease of the pulmonary artery—left atrium pressure gradient with 
stabile pulmonary blood flow proves that the pulmonary hypertension was 
a consequence of an active constriction of smaller pulmonary vessels, prob- 
ably the arterioles. Similar effect was demonstrated by van Bogaert'® and 
Denny-Brown® and their associates on cerebral circulation. 

The fact that the above changes of the pulmonary hemodynamies did 
not oceur following bilateral thoracic sympathectomy and resection of the 
thoracic vagus branches supports the theory that the elevation in pulmonary 
vascular circulatory resistance is nervous in origin. This is in accordance 
with reflex concept, namely, that elevated pulmonary venous and eapillary 
pressure induces an arteriolar spasm in the lungs. 

Our experiments do not give information as to the exact localization of 
the pressoreceptors or the detailed pathway of this reflex; however, observa- 
tions made by Dirken,?> Wiggers®’ and their co-workers indicate that the 
pulmonary vasoconstrictor fibers run primarily through the sympathetic 
system. 

Finally, the question arises, “What is the clinical importance of this 
reflex activity?” Dexter supposes that the vasospasm is a compensatory phe- 
nomenon, and the arteriolar narrowing leads to a further elevation of pul- 
monary arterial presssure, as precapillary barrier it protects the most vulnerable 
part of the pulmonary vascular bed. On the basis of our experiments, we are 
not able to prove or disprove this conclusion, primarily because our observations 
were made on healthy animals and not on human beings with heart disease, 
but comparing the results of our experiments with clinical observations it is 
our impression that the reflex arteriolar vasomotor activity plays an im- 
portant role in the regulation of pulmonary circulation. As any other fune- 
tional vasoconstriction existing for a prolonged period of time, the spasm of 
pulmonary arterioles too will sooner or later give rise to organic vascular 
changes. 


SUMMARY 


There is considerable controversy in medical literature regarding the 
vasomotor control of pulmonary vessels. The authors studied experimentally 
the significance of pulmonary reflex vasospasm in the development of pul- 
monary hypertension. 

The left lung was isolated from pulmonary circulation and ventilation. 
The nervous connections were left intact. The pressure was elevated in the 
venous and capillary system of the isolated left lung by high pressure in- 
fusion. This pressure elevation was immediately followed by pulmonary hy- 
pertension and arteriolar constriction in the opposite intact lung. 
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These experimental observations prove that elevation in pulmonary 
venous and capillary pressure causes arteriolar vasospasm in the lungs, and 
this reflex plays an important role in the regulation of the lesser circulation. 
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BILATERAL EXTRAPERIOSTEAL PARAFFIN PLOMBAGE 
FOR PULMONARY TUBERCULOSIS 


R. T. Fox, M.D.,* Wm. M. Lees, M.D.,** T. W. Shields, M.D.,*** 
E, DiMarco, M.D.,**** and N. Manzo, M.D.,**** Chicago, Ill. 


pe better case-finding methods and improved chemotherapy for active 
tuberculosis, the. patient with extensive bilateral pulmonary tuberculosis is 
still a major problem. The majority of patients with such involvement can be 
be brought under control and the disease arrested by chemotherapy alone. An 
additional group will achieve sufficient improvement so that resection of the 
significant residual lesions may be accomplished safely by unilateral or bilateral 
procedures. In the remaining minority in whom the residual disease is so ex- 
tensive or the pulmonary reserve so low that resection is extremely risky if not 
impossible, bilateral surgical collapse is often feasible. We should like to 
present our experience with a group of such patients who have been treated 
with bilateral thoracoplasty with extraperiosteal paraffin plombage. 

A review of the literature shows that a bilateral approach in the treatment 
of pulmonary tuberculosis has run the gamut from Forlanini in 1911' to F. J. 
Lewis and his associates in 1954.2, Only when lung transplants or artificial lungs 
are available can one become more radical. Forlanini advocated the use of 
bilateral pneumothorax, successively applied rather than simultaneously. In 
1912, Ascoli? recommended simultaneous bilateral pneumothorax and others fol- 
lowed this lead in subsequent years. Curti! in 1927 reported the use of bilateral 
phrenic neurectomy. In 1929, Anneuillet and also Maendl' published an ac- 
count of patients in whom pneumothorax and contralateral thoracoplasty were 
used successfully. Kinsella,* in 1930, reported a series of dogs and monkeys in 
which bilateral thoracoplasty was well tolerated. It was not until 1932 that 
any reports of bilateral thoracoplasty in human beings were published. Duff 
Allen,’ Jessen,‘ and Gravesen® each reported a single case of partial bilateral 
thoracoplasty, performed as staged procedures, and apparently tolerated well 
by the patients. These and other authors also discussed the use of thoracoplasty 
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with contralateral procedures of lesser magnitude such as extrapleural pneu- 
monolysis, with or without plombage. In the ensuing two decades, various 
authors throughout the world reported eases of bilateral thoracoplasty: Magri,° 
Finochietto,’ Coryllos and Ornstein,’ Netto,? Roger and Lemieux,’® Meltzer," 
Samuel,'? Paulino and Loureiro, Seip,’ Kano,* Lund,’® and Beaconsfield and 
co-workers.1* 

In 1950, reports of the use of extraperiosteal plombage procedures began to 
appear.1®: 22; 23, 25, 26,27 Tn 1953, Povah?® reported 4 patients in whom bilateral 
extraperiosteal Lucite ball plombage had been performed. In the same year, 
Woods and Buente”’ published a series of 285 cases of extraperiosteal Lucite 
ball plombage, 15 of which were bilateral. 

In 1952 and 1953, reports of bilateral resections for pulmonary tuberculosis 
began to appear in the literature, and the results have been excellent. Shum- 
way, Lewis and their associates,” in 1954, and again in 1956,”! reported a series 
of patients in whom simultaneous bilateral resections were successfully per- 
formed. Certainly the brilliant results reported from clinics throughout the 
world demonstrate that resection of significant residual tuberculous disease is 
the procedure of choice when this can be done adequately and with reasonable 
safety. 

At the Chicago Municipal Tuberculosis Sanitarium, during the years 1951 
through 1957, 46 patients have had bilateral thoracoplasty performed with extra- 
periosteal paraffin plombage and our experience with these patients is the basis 
of this report. During this 7-year period, a total of 760 extraperiosteal plom- 
bage procedures has been performed. In the same period, 1,040 pulmonary 
resections were done, 54 of which were bilateral. Our ratio of resection versus 
collapse has changed markedly in this period, the present ratio being five to one 
in favor of resection. 


TECHNIQUE 


The technique of the plombage operation has been reported elsewhere,”® 
and differs only in detail from that done in other clinics. Usually a short pos- 
terior portion of the third or third and fourth ribs is resected, and then a space 
created by subperiosteal stripping of ribs 1 and 2 and also 5 and even 6, 7 or 8 
if necessary, depending on the extent of the disease. The paraffin is molded into 
this space loosely while it is still warm enough to be malleable. No polyethylene 
bag or other plastic material has been used by us. There is a peculiar foreign 
body reaction to the paraffin that occurs in a moderate percentage of patients. 
This consists of a softening of the outer surface of the paraffin pack and sub- 
sequent extrusion through a small defect in the ‘‘capsule’’ into the soft tissues 
of the chest wall. This may occur at any interval from 6 months to several 
years, and usually necessitates removal of the pack. This removal is a simple 
procedure, rarely followed by any significant re-expansion of the underlying 
lung. In this series of 46 patients, 16 paraffin packs have been removed or 
17.4 per cent of the 92 packs inserted. 
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INDICATIONS 


In general, the indication for surgery was bilateral cavitary disease or ex- 
tensive infiltrative disease persisting after 6 months or more of adequate rest 
and antituberculous chemotherapy—usually a combination of streptomycin, 
PAS, and INH. Resection, of course, is the procedure of choice, but in many 
patients there are at least relative contraindications to resection and these make 
up the indications for collapse. In this group are the following: (1) those pa- 
tients whose significant residual disease is so widely distributed as to make ade- 
quate resection impossible; (2) patients who have persistent endobronchitis 
which fails to respond to treatment; (3) some patients whose sputum is still 
positive and whose organisms have been demonstrated or assumed to be resistant 
to all available antibiotics; and (4) those patients whose physiologic age, im- 
paired respiratory reserve, or poor general condition put them into the high-risk 
group as far as resection is concerned. All the published reports on resectional 
surgery have demonstrated that the great percentage of complications and 
deaths occurs in patients falling into one or more of the above categories. 

The 46 patients ranged in age from 17 to 63 years; one half were under 40 
and half over 40. There were 29 men and 17 women; 29 were white, 16 Negro, 
and 1 Oriental. All but 3 were classified as far advanced, the others fitting the 
NTA elassification of moderately advanced. All but one had bilateral cavita- 
tion demonstrated roentgenographically. All had been treated with varying 
combinations of antituberculous agents—the earlier patients in the series having 
had short-term interrupted courses as was the practice at that time. Thirty-four 
had received pneumoperitoneum as part of their medical treatment. The poor 
response of these patients to treatment is reflected in the duration of the treat- 
ment prior to the surgery. Only 8 patients were operated upon less than one 
year after initiation of medical treatment. Thirty-five had from one to 2 years 
of treatment, and 3 had more than 2 years. Even after all this treatment, 18 
patients had positive sputum preoperatively. Seventeen had tuberculous endo- 
bronchitis diagnosed bronchoseopically at some time during their medical treat- 
ment. In most of these, the bronchial disease cleared on subsequent examination. 


COMPLICATIONS 


There was no mortality in any of these 46 patients (92 operations). The 
only complications were minor and in no instance altered the patient’s surgical 
result or long-range prognosis. In 5 operations, the parietal pleura was inad- 
vertently torn. This was handled by needle or catheter aspiration during the 
closure. Subsequent films showed no residual pneumothorax or significant 
effusion. In 4 patients there was sufficient collection of serous fluid around the 
paraffin pack to warrant aspiration. This was only a transient problem. One 
patient developed a large hematoma of the chest wall requiring evacuation. 
There was no instance of wound infection, spread of disease, atelectasis, or even 
significant dyspnea in any of these patients. 
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RESULTS 


Of the 46 patients, all but 3 left the sanitarium. One patient died 4 months 
postoperatively of a brain tumor; his pulmonary disease was controlled. An- 
other died in the sanitarium 18 months postoperatively with cor pulmonale. 
His sputum had been negative for one year before death. The third patient 
remains in the sanitarium 18 months postoperative, with his disease still active 
and the sputum positive. 

Thirty-five patients were given regular discharges, either with ‘‘inactive’’ 
status or ‘‘active improved, with good prognosis.’’ Of these 35 patients, one 
has died of her tuberculosis, 2 have died of nontuberculous causes, and one still 
has active disease although sputum cultures are currently negative. Three pa- 
tients, with persistent cavitation, were given ‘‘Maximum Hospital Benefit’’ dis- 
charges. Patients discharged in his category still have active disease with or 
without cavitation and with or without positive sputum cultures. None is dis- 
charged with positive sputum concentrates. They are either deemed unfit candi- 
dates for further surgery or have refused recommendation for reoperation. 
Two of these 3 patients have since died of their tuberculous disease, and one 
is alive, but still has active disease. The remaining 5 patients had irregular dis- 
charges, i.e., they left against advice. Of these 5 patients, 2 are well (inactive) 
and working, one has active disease, and 2 have been lost to follow-up. One 
patient had a subsequent pulmonary resection after the bilateral plombage. 
She is well today. The minimum follow-up period of this group is one year, 
and 40 (87 per cent) have been followed more than 2 years. 

The present status of all the patients, with a follow-up of one to 7 years is 
as follows: 32 (70 per cent) are alive, ‘‘inactive’’ and working; 1 (2.1 per 
cent) is alive and ‘‘inactive’’ but is physically unable to work due to progressive 
emphysema with cor pulmonale; 4 (8.6 per cent) are living with active disease 
(1 is still in the sanitarium) ; 3 (6.4 per cent) have died of tuberculosis; 4 (8.6 
per cent) have died of nontuberculous causes, but their tuberculosis was ar- 
rested; and 2 (4.3 per cent) are lost to follow-up. 

If those patients who died of causes other than tuberculosis are considered 
as good surgical results, then 84 per cent of all patients followed up had suc- 
cessful results and 16 per cent were surgical failures. No detailed case histories 
are presented but representative roentgenograms of 2 patients are shown to 
illustrate the collapse obtained (Figs. 1 and 2). 

Preoperative pulmonary function studies were performed on all but the 
earliest patients in this series. These studies were repeated between operation 
and about 2 months after the second operation. Several potential candidates 
for bilateral surgery were eliminated from surgical consideration because of 
inadequate respiratory reserve. In only one of the 46 patients in this series 
was the preoperative maximum breathing capacity less than 50 per cent of that 
predicted. The loss of ventilatory function varied greatly following each plom- 
bage procedure. The average loss of maximum breathing capacity was 8 L. 
per minute, but this figure varied from a loss of 30 L. to an actual gain of 6 L. 
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Fig. 1—A, B. W., a 41-year-old Negro man, with positive sputum. Admission film 
of April 30, 1953. 

B, Preoperative film of June 10, 1954, following 14 months of chemotherapy and 9 
po of pneumoperitoneum. Bilateral cavity persists and the sputum was persistently 
positive. 

COC, Follow-up film of Aug. 4, 1955, 4 months after discharge as “inactive.’’ The patient 
. lobe and working full time at present. Left plombage done on June 10, 1954; right, Oct. 
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pe + og A 54-year-old white male alcoholic with positive sputum. Admission film 
ct. ‘ ‘ $ 


B, Preoperative film of March 29, 1955, following 15 months of chemotherapy and 12 
months of pneumoperitoneum. Sputum negative. 

C, Follow-up film of Oct. 14, 1957, 15 months after discharge as “inactive.” Patient is 
well and working full time at present. Left plombage done on March 30, 1955; right, July 


25, 1955. 
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per minute. No patient became a ‘‘respiratory cripple’’ as a result of the 
bilateral collapse but, as noted above, one patient died 18 months postoperatively 
of progressive cor pulmonale and another with inactive disease is in chronic 
right heart failure 5 years after surgery. The majority of the patients have 
no dyspnea even on considerable exertion. 


DISCUSSION 


In the swing to resection in recent years, some centers have abandoned all 
other forms of surgery but resection. Thus, a patient thought unfit for pul- 
monary resection is relegated to the group of unsalvageable ‘‘chronies.’’ It 
seems paradoxical that now we try to fit all patients into the mold of resectional 
surgery rather than to tailor our surgical procedures to fit the patient’s needs. 

We feel that the results obtained in this group of patients, who can truly 
be called ‘‘salvage’’ cases, are highly satisfactory. Certainly many of the pa- 
tients would still be in the sanitarium as a burden to the community rather than 
occupying the useful place in society that they now fill. 


SUMMARY 


1. A series of 46 patients who have undergone bilateral thoracoplasty with 
paraffin plombage is presented. 

2. The indications for collapse versus resection are discussed. 

3. Mortality was zero, and no major complications were encountered: 


4. Of all patients followed, 84 per cent had successful results and 16 per 
cent were surgical failures. 

5. Thirty-two (70 per cent) of the entire group of these ‘‘salvage’’ pa- 
tients are now well and working full time, with a minimum follow-up of one 
year, and in a majority a follow-up of 2 years or more. 
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THE PRESENT STATUS OF PULMONARY RESECTION 
IN THE TREATMENT OF TUBERCULOSIS 


Josiah Fuller, M.D.,* Duluth, Minn. 


ECENT medical literature’* contains many reviews in support of the thesis 

that pulmonary resection combined with. appropriate antibiotic therapy 
is a safe and effective method of treating pulmonary tuberculosis. Neverthe- 
less, most sanatoriums in this area are experiencing a noticeable decline in the 
number of resections done. In an effort to consider some of the reasons for 
this, a review was made of 134 patients who had pulmonary resection in the 
treatment of their tuberculosis. This represents all of the patients for whom 
the author performed a pulmonary resection for tuberculosis from January, 
1953, to June, 1956. These operations were done at Nopeming Sanatorium, 
Nopeming, Minnesota, and Middle River Sanatorium, Hawthorne, Wisconsin. 

The average age of these patients was 37 and the ages ranged from 8 to 
60 years. Forty-four per cent of the patients were over 40 years old. Seventy- 
five of the 134 patients were males. Fourteen per cent of the cases were 
classified as minimal tuberculosis, 44 per cent moderately advanced, and 42 per 
eent far advanced. 

Thirty-five per cent of the patients were known to have had their tubereu- 
losis for less than one year, and 35 per cent of them had had their tuberculosis 
for over 5 years. One patient had had active tuberculosis for 33 years. Forty 
per cent of the patients had relapsed after one or more previous unsuccessful 
attempts at treating their tuberculosis. All of these patients received what 
might be called the modern antibiotic treatment, consisting of a combination 
of drugs, which in most eases included para-aminosalicylie acid with strepto- 
mycin or isoniazid. Seventy-five per cent of the patients received antibiotic 
therapy for 4 to 12 months preoperatively, and 65 per cent for 4 to 12 months 
postoperatively. 

An effort was made to determine the indications for resection in each ease 
by reviewing the sanatorium charts. In an individual patient, a decision for 
pulmonary resection is influenced by many subtle factors, such as the risk of 
surgery, his social habits, and how well it is thought he will take care of himself 
and cooperate with the follow-up efforts. However, the anatomic indications 
for resection in each case are listed in Table I. One hundred and forty-one 
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resections were performed on these 134 patients. In 77 per cent of the cases, 
immediately before resection, sputum and gastric aspirations were negative for 
tuberculosis on culture or guinea pig inoculation. The indications for resection 
in these patients were residual nodular disease in 71 eases, x-ray evidence of 
cavity in 26 eases, and bronchial disease, which was usually bronchiectasis, in 
7 eases, and in one ease the resection was done to rule out malignancy. Sixteen 
per cent of the resections were done for a eavity with positive sputum and 8 
per cent were done for persistently positive sputum without x-ray evidence of 
cavity. 
TABLE I 
INDICATIONS FOR RESECTION IN PULMONARY TUBERCULOSIS 








| 141 RESECTIONS 
NUMBER ] PERCENTAGE 


Nodular residual disease (fil 53 
Cavity negative 26 18 
Cavity positive 25 16 
Positive without cavity 11 8 
Bronchial disease 7 5 
Rule out malignancy 1 Gli 











In 52 per cent of these 141 operations, a segmental resection was done, 
and in 19 per cent only a subsegment was removed. A lobectomy was done in 
24 per cent of the cases and in only 7 patients was a pneumonectomy necessary. 
Five patients had bilateral resections performed. In 38 patients, all gross dis- 
ease was removed as determined by palpation on the operated side, and by 
x-ray studies on the unoperated side. 

The resected specimens were all dissected immediately, either by the 
pathologist or by the surgeon, and cultures taken from appropriate areas in all 
but one specimen. The lesions the pathologist felt were most significant in 
each specimen are classified in Table II. Any specimen in which there was 
demonstrated bronchial communication with a circumscribed mass of caseous 
material, and in which the bronchus was obstructed by the inspissated caseous 
material, was classified as a ‘‘filled cavity.’’ This explains the 50 per cent 
incidence of cavity in this series. Actually, many of these were called ‘‘nodular 
residual’’ in x-ray interpretations. The 47 caseous nodules were parenchymal 
nodules without bronchial communication. The 18 cases called bronchial disease 
were either bronchiectasis or bronchostenosis. The four specimens in which 
fibrosis only was found could well be called healed tuberculosis, since tubercle 
bacilli were not demonstrated in any of them. 


TABLE II 
PATHOLOGY OF RESECTED SPECIMENS IN PULMONARY TUBERCULOSIS 








141 SPECIMENS 
NUMBER | PERCENTAGE 
Cavity 71 50 
Caseous nodules 47 33 
Bronchial disease 18 13 
Fibrosis + 3 
Tuberculous pneumonitis a 1 
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More important than the anatomic description of the resected specimen 
are the results of bacteriologic examinations. In 45 per cent of the 140 speci- 
mens so studied, acid-fast bacilli were demonstrated by stain only. In an addi- 
tional 39 per cent, the bacteria grew on culture or guinea pig inoculation. 
This leaves 23 patients whose specimens did not demonstrate acid-fast bacilli 
by our methods. It is interesting that 7 of these patients had had positive 
pulmonary secretions immediately before surgery, and 6 of the 7 have been 
negative since their resection. One wonders if more of these specimens might 
have been positive bacteriologically if, rather than taking selective areas for 
culture, we ground up the entire specimen and studied the sediment. 

These patients were followed by x-ray studies and by bacteriologie testing, 
including sputum and gastric cultures, until it was felt sufficient stability had 
been demonstrated. In many cases, this period of observation extended over 
2 years. After this, the patients were followed by repeated x-ray observation. 
Thirty-six per cent of them were followed for over 3 years and 67 per cent for 
over 2 years. Only 6 per cent of the patients were followed for less than one 


year. 

The results of pulmonary resection in these cases are depicted in Table IIT. 
The early mortality was in an obese 54-year-old Indian woman with far- 
advanced bilateral tuberculosis. A desperate attempt was made to resect a 
cavity during one of her repeated episodes of hemoptysis. Although it ap- 
peared as though the immediate results were successful, she died 5 days post- 
operatively of a massive pulmonary embolus. . 


TABLE ITT 
RESULTS OF RESECTION THERAPY FOR PULMONARY TUBERCULOSIS 








134 CASES 
NUMBER | PERCENTAGE 
Inactive 123 92 
Early mortality 1 1 
Failure 10 7 
Late mortality 6 4 
Morbidity 13 10 











The late deaths were all unrelated to tuberculosis and oceurred 2 months 
to over 3 years after dismissal from the sanatorium. They include such causes 
as auto accident, diabetic acidosis, aleoholism, pneumonia, coronary insufficiency, 
and carcinoma of the kidney. All of these patients were inactive at the time 
of death and are so classified in Table ITI. 

Thirteen patients, or 10 per cent, had a significant amount of morbidity 
associated with their surgery. In 12 instances, this was due to persistent air 
leak or pneumothorax space problems. These all responded to appropriate cor- 
rective surgery. 

One hundred and twenty-three patients, or 92 per cent, have been inactive 
since their resection and an additional 6 patients are inactive after subsequent 
treatment, which leaves only 4 treatment failures. This method of treatment, 
then, eventually converted 97 per cent of these 134 patients to the inactive 
status. 
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DISCUSSION 


In spite of these satisfactory results, there were only 6 pulmonary resec- 
tions for tuberculosis done in these two institutions in 1957. A study of the 
reasons for this change will lend some light on the present status of resection 
therapy in the treatment of pulmonary tuberculosis. The average sanatorium 
population in these two institutions has dropped from 226 in 1954 to 183 in 
1957. Also, this population has become older and therefore a poorer risk for 
pulmonary resection. In November, 1954, 35 per cent of the patients were 
over 60 years old, while in November, 1957, 61 per cent were over 60. 

When the resection program began in these institutions, there was a back- 
log of patients with chronic pulmonary tuberculosis from the pre-antibiotic 
era, who had been unsuccessfully treated by other methods such as bed rest, 
pneumothorax, pneumoperitoneum, or thoracoplasty. Today, the proper use 
of antibiotics. particularly isoniazid, is clearing the acute cases so that many 
patients are no longer left with a residual process to be resected. As experi- 
ence accumulates with these drugs, phthisiologists are becoming more confident 
in their ability to prevent a relapse from residual areas of disease. 

Today, the indications for pulmonary resection, after a period of antibiotic 
therapy, might be stated as follows: (1) persistently positive pulmonary secre- 
tions in the presence of localized disease; (2) x-ray evidence of an open cavity 
whether or not the pulmonary secretions have become negative on antibiotic 
therapy; (3) whenever there is doubt about the diagnosis of a pulmonary mass; 
and (4) significant residual nodular disease. Today this area of nodular dis- 
ease must be larger, certainly greater than 2 em. and more solid than it was a 
few years ago, to be considered an indication for pulmonary resection. If the 
nodule has appeared in a spot where there has been a previous cavity, a resec- 
tion is more apt to be considered necessary to prevent a recurrence of active 
disease. A resection done in the presence of negative pulmonary secretions cer- 
tainly must be considered prophylactic surgery and the time may come when 
the effectiveness of antibiotic therapy is such that the prophylactic resections 
mentioned above are no longer necessary. 


SUMMARY 


One hundred and thirty-four patients are presented who had pulmonary 
resection in the treatment of tuberculosis from January, 1953, to June, 1956. 
The surgical mortality rate was less than 1 per cent. The morbidity rate was 
10 per cent, and 97 per cent of the patients were eventually converted to an 
inactive status. Only six pulmonary resections for tuberculosis were done in 
the same two institutions in 1957. The reasons for the marked decrease in 
surgery are decreasing number and increasing age of patients with tuberculosis 
in this area, and the effectiveness of the antituberculosis drugs in the treatment 
of new eases of tuberculosis. 

After appropriate antibiotic therapy, present indications for pulmonary 
resection in the treatment of tuberculosis are as follows: (1) localized disease 
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with persistently positive pulmonary secretions; (2) open cavity; (3) significant 


r 
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esidual nodular disease; and (4) undiagnosed pulmonary mass. 
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SEGMENTAL PULMONARY RESECTION WITH 
INITIAL PERIPHERAL DISSECTION 


John D. Steele, M.D., San Fernando, Calif. 


M authors,1* in describing the technique of segmental pulmonary re- 
section, advocate starting the dissection by isolating the segmental bronchus 
and artery; they then develop the interlobar plane as the dissection proceeds 
peripherally, ligating the branches of the interlobar vein as encountered. 

Only Chamberlain and Ryan® mention the possibility of using occasionally 
an “outside-in” technique for cysts, atelectatic segments, and chronic lung 
abscesses. 

Several years ago, we started performing subsegmental resections for 
isolated pulmonary nodules using an anatomic dissection rather than the clamp 
(“wedge”) technique. The ease with which anatomic subsegmental planes could 
be developed so impressed us that we decided to extend this type of resection to 
entire segments. 

We now use initial peripheral dissection in the great majority of our seg- 
mental resections, and believe it has the following advantages: 


1. When a segment is distorted by disease, hilar dissection may be con- 
fusing and there is danger of compromising the bronchial and arterial supply to 
neighboring undiseased segments. When dissection is started at the periphery, 
only the portion of the lung containing the disease is resected accurately. Often 
it may not be apparent until the completion of the dissection as to just what 
anatomic division of the lobe has been resected. In some instances, the disease 
will involve only a large subsegment whereas in others it will be found that an 
entire segment, together with an involved adjacent subsegment of a distended 
neighboring segment, has been resected. In either case, the correct amount of 
lung, and no more, will have been resected. 

2. Recent precise anatomic studies have demonstrated that there may be 
considerable crossing of intersegmental lines by arteries, veins, and segmental 
bronchi and that anatomic hazards must be clearly understood if accurate seg- 
mental resections are to be performed.’ Such variations in arterial and 
bronchial patterns may be difficult to recognize in initial hilar dissection, but are 
usually easily recognized when the intersegmental plane is developed from the 
periphery. 

3. When using peripheral dissection, it is possible to leave stumps of the 
arterial branches approximately 1 em. in length, and it is usually not necessary 
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to expose the main stem artery. The stumps so remaining can be clamped 
safely if bleeding should occur. In hilar dissection, a tear of a segmental 
artery at, or close to, the main stem artery can be dangerous and difficult to 
control. The longer stumps are also an advantage when lymph nodes are ad- 
herent to the hilar structures. 

4, Because of the above advantages of peripheral dissection, we feel that 
a safe, accurate segmental resection can be performed by a surgeon who has had 
less experience with the operation than is the case when hilar dissection is 
employed. 


TECHNIQUE 


After interpleural adhesions have been divided, and it has been decided 
that a segmental resection is to be performed, dissection is started by making 
an incision through the visceral pleura into an interlobular plane with the lung 
well inflated (Fig. 1, a). It is usually advisable to leave one lobule between the 
area of disease and the line of incision. The lobules are, of course, character- 
istically outlined by carbon pigment deposited in the interlobular lymphaties. 

Often, by the repeated application of varying degrees of positive pressure 
through the intratracheal tube, the location of the intersegmental plane will be- 
come apparent due to a lag in the filling of the periphery of the involved seg- 
ment. It is advisable to mark the line of demarcation by a series of small inter- 
lobular incisions with the scissors so that dissection can be attempted in these 
areas even after the lung is completely inflated and the demarcation line is no 
longer apparent. 

After the initial incision has been made, further limited dissection is carried 
out by blunt dissection using scissors (Fig. 1, b). If a well-developed, un- 
diseased intersegmental plane has been entered, dissection will proceed with 
ease. If the proper plane has not been entered or, if the disease extends across 
the intersegmental plane, dissection should be abandoned at this point and at- 
tempted in another area. 

When blunt instrument dissection has proceeded satisfactorily for a few 
centimeters, further dissection is carried out with the finger (Fig. 1, c). The 
sense of touch will aid in determining whether the intersegmental plane has 
been entered. If so, dissection will proceed with very little resistance. If there 
is appreciable resistance, dissection should be started again at another point as 
noted above. 

Of course, the only intersegmental structures which are normally en- 
countered during such peripheral dissection are branches of the intersegmental 
vein (Fig. 1, b). These are ligated on both sides and divided. As the dissec- 
tion proceeds, the intersegmental vein usually is visualized and can be preserved, 
leaving it attached to the adjacent segment. 

As dissection proceeds toward the hilum of the segment, the branches of 
the segmental arteries and bronchi come into view. These branches can be fol- 
lowed to within approximately 1 em. of the hilum of the segment, and divided 
between ligatures at this point (Fig. 1, d). 
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Fig. 1.—a, Start of resection of apical-posterior segment of left lung. Incision is made 
with thes scissors through the visceral pleura into an interlobular plane. 

b, Further dissection is carried out by blunt dissection with scissors. Branches of the 
intersegmental vein can be seen crossing the intersegmental plane. 

c, Final identification and further dissection in intersegmental plane using finger. 

d, Dissection of branches of segmental bronchus and artery close to hilum of the apical- 
posterior segment on left. The instrument has been passed under a branch of the artery. 

e, The stumps of the branches of the segmental bronchus and segmental arteries which 
have been ligated approximately 1 cm. distal to the surface of the pulmonary artery. 


Branches of the intersegmental vein are seen on the intersegmental surface of the adjacent 
anterior segment. 
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It is not necessary to dissect through the entire intersegmental plane before 
starting to divide the arteries and bronchi. Actually, subsequent dissection will 
be facilitated if only a portion of the intersegmental plane is developed first— 
enough to allow division of at least one main branch of the segmental artery and 
bronchus, Dissection of a small, final portion of the intersegmental plane can 
be postponed until all branches of the artery and bronchus have been divided. 

The stump containing the ligated branches of the segmental artery (or 
arteries) and the bronchial stumps, is shown in Fig. 1, e. 

Sometimes, after full inflation of the remaining lung, a lobule or two on the 
‘aw surface of the adjacent segment will appear to be unaerated, or to hang 
free. It is advisable to resect such lobules, after ligating the pedicle. 

We have performed at least 200 segmental resections using this technique; 
in fact, we use it for the great majority of our*segmental resections. Occasion- 
ally, when the peripheral portion of the intersegmental plane cannot be identified 
accurately, we resort to initial hilar dissection. This has occurred more fre- 
quently with the superior segments of the lower lobes than with any other 
segments. 


SUMMARY 


A method of dissection is described for segmental pulmonary resection, 
starting at the periphery of the segment, ligating vessels and bronchi as they 
are encountered. This method is more accurate than initial hilar dissection in 


segments distorted by disease, and where there are anomalies in arterial and 
bronchial patterns. Operative accidents are less likely to occur with peripheral 
dissection than when initial hilar dissection is employed. Over 200 segmental 
pulmonary resections have been performed satisfactorily with initial peripheral 
dissection. 
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BRONCHOTRACHEAL ANASTOMOSIS 


A Follow-Up of 9 Cases on the Left Side and 7 on the Right 


Viking Olov Bjork, M.D.,* Uppsala, Sweden 


IX CASES of pulmonary tuberculosis with main bronchus stenosis every effort 
is made to avoid a total pneumonectomy. If a part of the lung is healthy 
with a normal bronchus, this bronchus can be anastomosed end-to-side to the 
trachea after resection of the diseased portion of the lung, together with the 
stenosed main bronchus. The remaining part of the lung can then function 
normally, and there is very little risk that stricture will occur at the anas- 
tomosis. Direct anastomosis has been preferred to the skin grafting pro- 
cedure devised by Gebauer. The danger of suturing a skin graft, reinforced 
with stainless steel or silver wire, into the side of a main bronchus, narrowed 
by an old tuberculous infection, is obvious. The metal thread may erode 
through the skin, necessitating its removal followed by secondary stricture 
and bronchiectasis. These objections make direct anastomosis preferable. 
The object of this paper is to give our experiences in 16 cases followed 1 to 
5 years. 


MATERIAL 


Eleven women and 4 men underwent bronchotracheal anastomosis for 
pulmonary tuberculosis (Tables I and II). The oldest patient was 58 years 
old, the youngest 20. A 48-year-old man underwent bronchotracheal anas- 
tomosis after resection for cancer. 


INDICATIONS 


In 10 eases, the diameter of the stenosed main bronchus was only 3 to 4 
mm. and in the remaining cases slightly more. The widest stricture resected 
was 5 to 6 mm. Only the left main bronchus was left in this instance, the 
upper lobe with its completely stenosed bronchus having been removed at 
another hospital. A year later it was necessary to resect the main bronchus 
and perform an anastomosis which would have been technically much easier 
at the first operation, together with the lobectomy. I, therefore, consider 
that the main bronchus should be resected if it is narrowed down to 6 mm. 
in diameter. Complications may be expected if the resection is carried out 
peripheral to a main bronchus stenosis. 

This work was aided by The Swedish National Association Against Tuberculosis 
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TABLE I, 


BRONCHOTRACHEAL ANASTOMOSIS 
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RESULT OF PULMONARY RESECTION WITH BRONCHOTRACHEAL ANASTOMOSIS FOR 
PULMONARY TUBERCULOSIS ON THE RIGHT SIDE 








CASE 


OPERATION PERFORMED 


OBSER- 
VATION 
(YEARS) 


CONDITION 
OF ANAS- 
TOMOSIS 


FUNCTION OF RIGHT LUNG IN 
PER CENT OF TOTAL FUNCTION 








VITAL 
CAPAC- 
ITY 


OXYGEN 
UPTAKE 


VENTI-. 
LATION 





. 33-year- 
old 
woman 


. 52-year- 
old 
woman 


3. 40-year- 
old 
woman 


. 42-year- 
old 


man 


5. 58-year- 
old 
woman 


. 32-year- 
old 
woman 


. 54-year- 
old 
woman 


Resection of right upper lobe 
+ right main bronchus + 
anastomosis of right inter- 
mediate bronchus to trachea 
+ extra pleural plombage 


Resection of right upper lobe 
+ wedge right lower lobe + 
decortication + anastomosis 
of intermediate bronchus to 
trachea + osteoplastic tho- 
racoplasty 


Resection right upper lobe + 
anastomosis of intermediate 
bronchus to trachea + extir- 
pation of pericardial cyst 


I. Resection right upper lobe + 
anastomosis of intermediate 
bronchus to trachea 


II. Resection of site of anas- 
tomosis with new broncho- 
tracheal anastomosis 3 
months later 


Resection right upper lobe + 
superior segment right lower 
lobe + anastomosis of inter- 
mediate bronchus to trachea 


Resection of right lower and 

middle lobes + main bronchus 
+ anastomosis of right upper 
lobe bronchus to trachea 
under an old 11-rib thoraco- 
plasty performed in 3 stages 
5 years earlier, see Figs. 

4, A-C 


Resection right lower and 
middle lobes + main bron- 
chus + anastomosis of right 
upper lobe bronchus to 
trachea 


5 


Good ; 
open for 
9 mm. 


Good ; 
open for 
9 mm. 


» 


Good; 
wide 
open 


Stenosis 


Good; 
wide 
open 


Good; 
wide 
open 


Good ; 
wide 
open 


Good ; 
wide 
open 





TECHNIQUE 


The operation can be performed in the lateral position, but I prefer to 


have the patient face down. A Carlens’ tube will considerably facilitate 
operations on the right side. On the left side the anastomosis is usually per- 
formed on the open bronchus with intermittent occlusion or with the aid of 
Green’s tube. Occasionally a super-Satinsky clamp has been applied to the side 
of the trachea. A wide mobilization of the trachea, the bronchus, and the artery 
and vein of the remaining lung is advisable in order to perform the anastomosis 
with as little tension as possible. The pulmonary ligament should be divided. 
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TABLE II. RESULT OF LEFT-SIDED BRONCHOTRACHEAL ANASTOMOSIS 








CONDITION OF 
ANASTOMOSIS 


TION 


OBSERVA- 
(YEARS) 


CASE OPERATION PERFORMED 





8. 32-year-old 
woman 


9, 30-year-old 
man 


. 20-year-old 
man 


. 43-year-old 
man 


2. 30-year-old 
man 


3. 25-year-old 
woman 


. 38-year-old 
woman 


. 28-year-old 
man 


. 48-year-old 
man 


Resection left upper lobe + main bron- 
chus + anastomosis of left lower lobe 
bronchus to trachea after mobilization 
of the aorta + osteoplastie thoraco- 
plasty 


Resection left upper lobe + main bron- 
chus + anastomosis of left lower lobe 
to trachea after mobilization of aorta 


Resection left upper lobe + main bron- 
cheus + anastomosis of left lower lobe 
to trachea 


Resection left upper lobe + main bron- 
chus + anastomosis of left lower lobe 
to main bronchus, 1 em. below the 
earina 


Resection left main bronehus + anas- 
tomosis of lower lobe to trachea. 
After mobilization of the aorta, there 
was a very pronounced tension on the 
suture line; left upper lobe had been 
removed one year earlier 


Resection left upper lobe + main bron- 
chus + anastomosis of left lower lobe 
to main bronchus, 2 em. below carina 


Resection left upper lobe + left main 
bronchus + anastomosis of left lower 
lobe bronchus to trachea after mobili- 
zation of the aorta 


Resection left upper lobe + superior seg- 
ment left lower lobe + main bronchus 
+ anastomosis of basal segmental 
bronchus to main bronchus, 2 em. 
below carina + osteoplastie thoraco- 
plasty 


Resection right lung + 3 em. lower 
trachea + 2 em, left main bronehus + 
anastomosis of left main bronchus to 
trachea, end-to-end 


4 


Good; open for 7 
in diameter 


mm, 


Stenosis; atelectasis of 
lung behind stenosis; 
died from hemoptysis 


Good, wide open; basal 
segments normal; 
bronchiectasis of su- 
perior segment 


Good; wide open 


Good; wide open 


Good; wide open 


Good; wide open an- 
astomosis; bronchog- 
raphy shows _ nar- 
rowing of superior 
segmental bronchus; 
basal segments nor- 
mal 


Stenosis, open for 4 to 
5 mm.; good area- 
tion of lung behind 
stenosis 


Stricture; died (See 
Figs. 2 and 3) 





Fine (3-0) chromic catgut on atraumatic needles as suture material is 
essential for a successful result. When silk was used in the beginning, it was 
necessary to remove the sutures by bronchoscopy as they caused suture granu- 
lomas which obstructed the lumen. 


It is not necessary to cover the anastomosis by a pleural flap. 


It is 


usually found to be airtight immediately and will be covered by lung and 
mediastinal tissue. A pedicled pleural flap around the anastomosis may cause 


stricture. 
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It is unnecessary to perform a tracheostomy immediately after surgery. 
Most patients are able to raise sputum effectively. Only in 2 patients has ¢ 
tracheostomy been performed; in Case 4, in which prolonged anoxia during 
anesthesia caused unconsciousness for 15 hours, and in the patient with 
eaneer, Case 16. 














Fig. 1.—After division of the upper 4 to 5 pairs of intercostal arteries, the aorta is 
mobilized forward and the anastomosis performed behind the aorta. This was done in 4 
cases. (From J. THorAcic Sura. 30: 494, 1955.) 


Bronchoscopy has been performed routinely at intervals postoperatively. 
In eases in which catgut was used as suture material only an oceasional granu- 
loma has been removed. 


Mobilization of the aorta was performed 4 times, greatly facilitating a 
left-sided bronehotracheal anastomosis (Fig. 1). In Case 10, an aortie mo- 
bilization was not done and the anastomosis to the trachea was very difficult. 
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During the traction on the aorta the recurrent nerve was damaged. In this 
ease, mobilization of the aorta with a retroaortic anastomosis should have 
been done. 


RESULTS 


Mortality —There was no immediate mortality. Two patients, Cases 9 and 
16, died later, 144 and 1 year after the operation. The main cause of death 
was stenosis at the site of anastomosis. 


ee 


Fig. 2.—Case 16. Photograph demonstrating the specimen after removal, in one block, 
of the entire right lung with the lower part of trachea, the carina, and the first part of the 
left main bronchus. 


Postoperative Complications.—No special immediate postoperative compli- 
cation was encountered. Two patients of the 16 needed tracheostomy and in 
2 other patients it was necessary to institute closed drainage for a second 
time; in one case due to air leakage, in the other due to an empyema. In 
spite of the surrounding infection, the anastomosis healed after prompt 
drainage of the infected space. 

The most serious complication was a stricture at the site of the anas- 
tomosis. In 12 cases a good result with a wide open anastomosis was obtained. 
In these eases no bronchiectasis was found, and the function when studied 
was found excellent. 
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Stenosis was encountered in 4 cases. 

1. In Case 15, in which the basal segmental bronchus was anastomosed 
to the main left bronchus, 2 em. below the carina, only a narrow lumen was 
present from the beginning. Three years later, there is only a 4 mm. lumen 


SSS> *) 


a 


Fig. 3.—Case 16. Diagram of the resection with end-to-end anastomosis of the left main 
bronchus to the trachea. 

down to the basal segments. When the patient gets a cold there are sounds 

of stenosis on the left side. The patient is negative for the tubercle bacillus 

and is working full time. 
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In Case 9, it was extremely difficult to complete the bronchotracheal 
anastomosis due to the bad quality of the wall of the lower lobe bronchus 
which was soft and friable. When the anastomosis was completed, the healthy 
parenchyma of the lower lobe ventilated well and was left in place. After 
3 months, the lower lobe was completely atelectatic due to stricture at the 
anastomosis, although a suction tube could easily be passed down into the lobe. 
The patient refused re-operation although I tried to convinee him that a 
pneumonectomy was necessary. After one year he was re-admitted for sur- 
gery with lower lobe atelectasis and extensive bronchiectasis. While receiving 
preoperative chemotherapy, he suddenly died from hemoptysis. The anasto- 
mosis was narrowed by tuberculous granulations and ulceration, and the lobe 
was destroyed by bronchiectasis. 

3. In Case 4, resection of the right upper lobe plus the right main bron- 
ehus and a bronchotracheal anastomosis were performed. The quality of the 
bronehial wall was questionable. The anastomosis gradually became nar- 
rowed, probably due to an aeute inflammatory reaction in the suture line. 
Three months after the first operation he was re-operated upon with the 
expectation of doing a pneumonectomy. <A localized stricture at the anasto- 
mosis was found, and this stricture was excised. A new bronchotracheal 
anastomosis was performed, making the side hole in the trachea as big as 
possible. This anastomosis has remained wide open for one year. 

4. In Case 16, too much tension occurred at the anastomosis between 
trachea and the left main bronchus after resection of the right lung including 
the carina and part of the left main bronehus and trachea (Figs. 2 and 3). The 
suture line gave way and a long stricture developed, resistant to dilatation. 
The patient died one year later from the stricture. Autopsy did not reveal 
any metastasis. 

All patients were negative on culture for the tubercle bacillus except one 
(Case 8) in whom the guinea pig test was negative 3 years after resection and 
then turned positive. All living patients were back at work full time. 


CONCLUSION 


These experiences indicate that bronchotracheal anastomosis can be per- 
formed with an excellent result anastomically and functionally. There is, 
however, a great difference between handling the left- and the right-sided 
Cases. 

Left-Sided Cases.—A direct anastomosis between the left main bronchus 
and the trachea, as in Case 16, cannot be performed without considerable 
tension. The tracheobronchial tree is stretched over the aortic arch and too 
much tension may cause rupture of the anastomosis with stricture. Further- 
more, the continuous hammering of the aortic pulsations on the overstretched 
tracheobronchial tree may cause degeneration and softening of the bronchial 
cartilages and stricture. In Case 9, in which the anastomosis became stenosed 
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resulting in an atelectasis in a few months after operation, there was no dis- 
ruption of the anastomotic line. At autopsy, the cause of stenosis was found 
to be progression of the tuberculous endobronchitis with ulceration and 
tuberculous granulations at the anastomosis. 

From these experiences the following conclusions may be drawn eoncern- 
ing left-sided bronchotracheal anastomosis: 

1. As there will always be some tension at the anastomosis, a broncho- 
tracheal anastomosis should only be performed on a healthy bronchus with 
strong cartilages. 

2. If an ideal local result is not obtained, one should not hesitate to do 
an immediate pneumonectomy in spite of all previous efforts to save lung 
tissue. . 








Fig. 4.—A, Case 6. Diagram of the bronchial resection which saved the right upper lobe under 
an old 11-rib thoracoplasty resulting in 15 per cent oxygen uptake on that side. 


3. If late atelectasis occurs after some months and there is no complete 
stricture at the anastomosis, it is due to degeneration of cartilages in the 
bronchial wall or to a tuberculous endobronchitis. As there is no possibility 
of doing a reresection with a new anastomosis in healthy bronchial wall, a 
total resection of the remaining lung should be done, once the condition is 
diagnosed. 

Right-Sided Cases——On the right side where no interference is presented 
by the aorta, the principle of handling these cases is completely different. 

In Case 4, a stricture was found at the anastomosis which was due to a 
local inflammatory reaction. Therefore, at re-operation, the stenosed anasto- 
mosis could be resected and a new junction made to a large hole in the side 
of the trachea. Here it was important to make the tracheal hole large and 
to excise peripherally in healthy bronchial tissue. Due to the absence of the 
aorta, more tension is allowed on the suture line on the right side. 
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Fig. 4.—Cont’d. B, Case 6. X-ray film of this patient with a preserved right upper 
lobe, 4 years after the bronchotracheal anastomosis. 

C, Case 6. Bronchography shows a wide open bronchotracheal anastomosis to the right 
upper lobe with a normal bronchial tree, 4 years after the anastomosis. 
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It is important to realize that a good result may be obtained by broncho- 
tracheal anastomosis under an old 11-rib thoracoplasty as in Case 6, in whom, 
after anastomosis of the right upper lobe to the trachea, there remained an 
oxygen uptake of 15 per cent on the right side 4 years after the operation 
(Figs. 4, A—C). 


SUMMARY 


A review of the results in 16 bronchotracheal anastomoses shows that in 
9 left-sided cases, stenosis occurred in 3 instances. In one of these, the rupture 
of the anastomosis and the degeneration of cartilage was ascribed to the con- 
tinuous hammering of the aorta on the tense and overstretched bronchotracheal 
segment. The secondary atelectasis should he treated by resection of the 
remaining lung. 

On the right side, a bronchotracheal anastomosis in 7 cases resulted in 
only one stricture. This was considered due to an inflammatory reaction, as 
the anastomosis was made in diseased bronchial tissue. A re-resection in 
healthy tissue with a new bronchotracheal anastomosis gave an excellent 
result in spite of the pronounced tension on the suture line at the time of 
surgery. 
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INTESTINAL DUPLICATION CYST OF ABDOMINAL 
ORIGIN PRESENTING IN THORAX 


Report of a Case 


Harold C. Spear, M.D.,* DeWitt C. Daughtry, M.D., and 
John G. Chesney, M.D., Miami, Fla. 


I* 1950, Gross, Neuhauser, and Longino’ reported their experiences with 3 
unusual eases of intestinal diverticula which originated from duodenum or 
jejunum, extended through small hiatuses in the right crus of the diaphragm, 
and expanded within the thorax to present as large cystic masses. It is our 
purpose in this communication to report an additional example of an intestinal 
diverticulum which extended through the right diaphragm to present as a large 
cystic mass in the right hemithorax. 

The symptoms produced by these diverticula, all of which were discovered 
during infancy, were related either to the compression effects of a large space- 
occupying lesion on the cardiorespiratory system or to the digestive action of the 
acid gastric juice secreted by the lining cells. In each of the 3 cases reported, 
the stalk of the diverticulum was a patent process which communicated with 
the duodenum or jejunum. Accordingly, in 2 of the 3 cases, chest x-ray study 
revealed the thoracic diverticulum to contain both air and fluid; in the third 
ease no air was noted. Also, barium was observed to enter the diverticulum in 
one ease. Treatment in each ease consisted of excision of the diverticulum, 
employing both thoracic and abdominal approaches. Our ease represents “a 
variant from the 3 cases reported in that the stalk of the diverticulum was not 
patulous and we were able to accomplish total excision by a right thoracie ap- 
proach alone. 


CASE REPORT 


R. B., a 3-week-old white male infant, was referred to us on Aug. 13, 1958, with the 
chief complaint of episodes of cough, dyspnea, and cyanosis of 3 or 4 days’ duration. His 
parents observed that he had had a harsh cough essentially since birth, and that this had 
increased in frequency and severity. The cough was not always related to feedings; but he 
did not take his feedings normally and frequently regurgitated. During the past 3 to 4 
days, the patient had developed paroxysmal episodes of cough and respiratory difficulty asso- 
ciated with cyanosis. A chest x-ray was taken on Aug. 12, 1958, which revealed a large 
rounded mass located in the posterior portion of the right hemithorax (Fig. 1). The patient 
was hospitalized for further diagnostic study. Family history was significant in that a 
sister had had a sacrococcygeal teratoma. 

Physical examination revealed a fairly well-developed and well-nourished white male 
infant who was subject to paroxysms of coughing, occasionally associated with respiratory 
distress and cyanosis. Examination of the chest revealed symmetrical expansion without 
evidence of intercostal retraction. Although there was no respiratory stridor, there were both 
inspiratory and expiratory wheezes audible over both lung fields, but accentuated on the right 
side, which were suggestive of respiratory obstruction. The heart was normal and the re- 
mainder of the physical examination was unremarkable. 
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Routine laboratory studies, including complete blood count, urinalysis, and an electro- 
cardiogram, were within normal limits. Barium swallow under fluoroscopy* revealed the 
esophagus to be midline, not deviated or impinged upon by the large posterior thoracic 
mass. The mass itself occupied the lower two thirds of the right posterior hemithorax. It 
was not pulsatile. No barium entered the mass. Several anomalous vertebrae were noted 
both in the upper and mid-thoracic spine. 


Fig. 1—A and B illustrate large rounded mass located in the right posterior chest. 


Because of the posterior location of the mass and the adjacent anomalous thoracic 
vertebrae, a pantopaque myelogramt was performed to exclude the possibility of an intra- 
thoracic meningocele. This study failed to demonstrate any communication between the 
subdural space and the thoracic mass; nor was any defect noted within the spinal canal. 
In order to delineate the lesion a little more clearly, PA and lateral laminograms were made. 
These showed the mass to be discrete from the cardiac shadow. 

Operation was undertaken on Aug. 15, 1958, under general anesthesia with endotracheal 
intubation. Right thoracotomy was performed through the fifth intercostal space. Upon 
opening the pleural space, an extremely tense, pear-shaped cystic mass was encountered, 
firmly attached to the posterior thoracic wall and covered by parietal pleura. The mass had 
apparently compressed the right lower lobe from birth, as this lobe was totally atelectatic 
in the rubbery carnified manner of fetal atelectasis. The mass extended to the upper third 
of the right hemithorax and was firmly anchored to the posterior gutter and adjacent vertebral 
column. The pleura was incised about the upper margin of the mass and retrograde dissec- 
tion was carried out. There were many small blood vessels entering the cyst wall from the 
thoracic parietes. As the mass was dissected inferiorly toward the diaphragm, it was noted 


*Performed by Dr. Raymond E. Parks. 
7Performed by Dr. Robert S. Tolmach. 
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to taper in the manner of a pear. It was so tensely distended and so thin-walled that it 
ruptured as it was retracted, releasing about 100 ¢c.c. of glistening viscid mucoid material. 
Following this decompression, it was a relatively simple matter to continue to free the cyst 
down to the diaphragm. At this point, the cyst narrowed further and extended through a 
small hiatus in the diaphragm between the right crus and the posterior thoracic wall. The 
margins of this hiatus were densely adherent to the cyst wall. After dividing these adhesions, 
the margins of the hiatus were retracted anteriorly and traction was applied to the cyst wall, 
thereby exposing a tapering peduncle extending downward into the retroperitoneal tissues. 
A small rubber catheter was passed into the cyst through the point of rupture in order to 
define the limits of the proximal end which was found to terminate blindly about 2 cm. 
below the diaphragm. From this point, a stalk-like process continued inferiorly to terminate 
in the region of the retroperitoneal duodenum, near the superior mesenteric vessels (Fig. 2). 


Duplication 
cyst in chest 


Opening in 
right crus of 
diaphragm 


Blind stalk 


Fig. 2.—Diagrammatic representation of the cyst revealing its stalk-like extension 
through the right crus of the diaphragm and its origin from the duodenum in the vicinity 
of the superior mesenteric vessels, 


The cyst was amputated through its stalk and the specimen was then injected with saline 
solution in order to confirm the presence of a blind proximal end. After the proximal end 
was indeed found to be watertight, attention was turned to the small hiatus through which 
the cyst had traversed the diaphragm. This hiatus was located to the right of the vertebral 
column, quite distinct from the esophageal hiatus, and had no posterior rim of tissue which 
could be used for repair. However, after removal of the cyst, the hiatus became so small 
that it did not seem necessary to carry out any type of plastic repair, particularly since it 
led only into the retroperitoneal space rather than into the peritoneum proper. 

The previously totally atelectatic right lower lobe was then partially inflated by the 
continuous application of positive pressure insufflation. A small radiopaque catheter was 
brought out through a stab wound inferiorly in the midaxillary line and was connected to a 


subaqueous drainage system, after which chest closure was carried out. 


Postoperatively, the infant made an entirely uneventful recovery. Chest films on 
Aug. 20, 1958, revealed the right lung to be completely expanded. He was discharged 
home on the tenth postoperative day, entirely free of symptoms. 
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Study of the excised specimen revealed an intestinal cyst consisting of an outer layer 
of longitudinal and an inner layer of circular muscle, with a well-defined submucosa and 
muscularis mucosa. The mucosal lining contained both gastric and intestinal secretory 
elements (Fig. 3). 


DISCUSSION 

Our ease conforms to the 3 cases previously reported in which a eystlike 
diverticulum arose from the small intestine by a slender stalk and traversed 
the right diaphragm through a small hiatus to present as a large cystic mass 
in the thorax. In our ease, there was no free communication between the 
diverticulum and the intestine from which it arose because the proximal end 
of the stalk was not patent. Our patient (age 3 weeks) was considerably 
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_. Fig. 3.—The cyst has been opened longitudinally to reveal the glistening mucosal 
lining and the rugal pattern at the proximal (smaller) end. A small projection of the re- 
tracted blind stalk can also be visualized. 


younger than those previously reported (ages 314 months, 4 months, and 4 
years) and was operated upon as semi-emergency, once the diagnostic studies 
had been completed, in view of the progressive nature of the paroxysms of 
cough, respiratory distress, and cyanosis. We surmise that the progressive 
nature of the symptomatology related to the secretion of gastric and intestinal 
juices under mounting tension with resultant expansion of the cyst wall and 
increasing compression effects. A specimen of the contained secretion was 
found to exhibit no tryptic activity, but, through an error, was not tested for 
acidity. However, the cyst wall showed no evidence of the ulceration or intense 
inflammation which one might anticipate if acid and pepsin were present. 
Radiologically, there appeared to be a solid space-oceupying mass in the 
right posterior thorax. A differential diagnosis of neuroblastoma or some other 
variety of neurogenic tumor, internal meningocele, bronchogenic or esophageal 
duplication cyst, teratoma, and intrapulmonary hamartoma was considered. 
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In view of the configuration of the mass and the absence of contained air, the 
diagnosis of diaphragmatic hernia of Bochdalek foramen variety was not 
seriously considered and did not confound the problem as it did in the first 
ease seen by Gross and his associates. In our ease, as in 2 of the 3 previously 
reported, there were anomalies of the vertebral column. 

In the present case, there was no question as to the appropriate surgical 
approach. Fortunately, the entire cyst could be excised from the right thoracot- 
omy approach although a portion of the stalk was left behind. As Gross, 
Neuhauser, and Longino have pointed out, when symptoms are due to com- 
pression of the thoracic structures, thoracotomy and excision of the intra- 
thoracic portion of the intestinal diverticulum alone will suffice. When, how- 
ever, symptoms are due to aeid-peptic digestion with inflammation, ulceration, 
and hemorrhage, excision of the entire anomalous structure is advisable. As 
illustrated in Case 3 reported by Gross and co-workers, and by our current 
report, even in these instances, right thoracotomy approach alone may suffice. 

In eases presenting themselves during early infancy, we feel that operation 
should be restricted to thoracotomy alone. If an abdominal approach becomes 
necessary, it should be carried out at another operation. 

The atelectatic lower lobe in this case, as in many eases of Bochdalek 
hernias in the newborn associated with fetal atelectasis, partially responded to 
continuous insufflation at the time of surgery and went on to complete expansion 
during the postoperative period. 


SUMMARY 


An additional case is reported of a diverticulum originating from the 
small intestine and traversing the right diaphragm to present in the right thorax 
as a large cystic mass which compressed the thoracie structures to produce 
symptoms of cough, respiratory difficulty, and cyanosis in a 3-week-old infant. 
Unlike the 3 previously reported cases in which the thoracic diverticulum was 
in Open communication with the small intestine, in the present case the cystic 
lesion was attached to the small intestine in the region of the retroperitoneal 
duodenum by means of a blind stalk. Operative approach was by right 
thoracotomy. The cyst was found to have produced total atelectasis of the right 
lower lobe. Fortunately, the entire cyst, together with its subdiaphragmatic 
extension and a portion of the stalk, could be excised from the thoracotomy 
approach, thereby averting the possibility of a secondary abdominal operation. 

This anomaly is essentially an intestinal duplication which retains connec- 
tion, either open or closed, with its point of origin from the small intestine but 
which is sequestered in the thorax by the formation of the diaphragm. It is 
another of the long list of anomalies producing serious symptomatology in in- 
faney which, if recognized and appropriately extirpated at an early stage, is 
amenable to complete and brilliant cure. There have been no fatalities in the 
cases reported to date. 


REFERENCE 


1. Gross, R. E., Neuhauser, E. B. D., and Longino, L. A.: Thoracic Diverticula Which 
Originate From the Intestine, Ann. Surg. 131: 363, 1950. 





INDEX TO VOLUME 37* 


A 


Abbott, Osler, Discussion of meeting papers, 
270 


Abouav, Jacob (with Culiner, Morris M., and 
Reich, Stanley B.), Nonobstructive 
consolidation-atelectasis following 
thoracotomy, 371 

Adenocarcinoma of middle third of esophagus 
arising from ectopic gastric mu- 
cosa (Armstrong, Blalock, and 
Carrera), 398 

Adler, Richard H. (with Carberry, David M., 
and Ross, Charles A.), Papilloma 
of esophagus; association with 
hiatal hernia, 625 

(with Jewett, Theodore C., Jr., and Car- 
berry, David M.), Metabolic ef- 
fects of intrathoracic stomach on 
growing child, 118 

(with Rodriguez, Jose), Association of 
hiatus hernia and gastroesophageal 
malignancy, 553 

‘*Air plombage’’ with resection for pul- 
monary tuberculosis: technique for 
decreasing complications (Pate, 
Hughes, Campbell, and Reisser), 
435 


American Association for Thoracic Surgery, 
Program 39th Annual Meeting, 
409 

Anastomosis, bronchotracheal (Bjérk), 800 

Anastomosis of superior vena cava and pul- 
monary artery in surgical treat- 
ment of certain congenital defects 
of heart (Bakulev and Kolesni- 
kov), 693 

Andersen, James G. (with Garamella, Joseph 
J., Oropeza, Reuben, Veloso, An- 
gelo, and Naidu, R.), Surgical 
treatment of aortic insufficiency 
by conversion of tricuspid aortic 
valve to a bicuspid valve, 177 

Anderson, Robert M. (with Musicant, William 
W., Lewis,»Reuben R., Musicant, 
Belmont 8., and Kay, Jerome 
Harold), Hypothermic analgesia 
for open heart surgery with heart- 
lung machine, 184 

Andritsakis, George D. (with Sommers, Shel- 
don C.), Criteria of thymic cancer 
and clinical correlations of thymic 
tumors, 273 


*January, pp. 1-134; 
May, pp. 553-692; June, pp. 693-828. 





February, pp. 135-272; 


815 


Anesthesia, topical laryngo-tracheo-bronchial, 
method for induction of (Starzl 
and Cruzat), 651 
Anomalous innominate artery arising from 
brachiocephalic trunk, tracheal 
compression caused by (Fineberg 
and Stofman), 214 
splitting of upper lobe bronchus in right 
and left lungs: with note on inci- 
dence in London area of medial 
basal segments (Boyden and 
Tompsett), 460 
A, experimental cerebral embolism 
with (Penry, Cordell, Johnston, 
and Netsky), 342 
Aorta, management of coarctation in infancy 
(Mortensen, Cutler, Rumel, and 
Veasy), 502 
replacement of, with alcohol- 
preserved homografts (Moore and 
Riberi), 510 : 
insufficiency by conversion of tri- 
cuspid aortic valve to a bicuspid 
valve; chronic _ experimental 
studies (Garamella, Andersen, 
Oropeza, Veloso, and Naidu), 177 
Aponte, Gonzales (with Hodge, Joseph, and 
McLaughlin, Edward), Primary 
mediastinal tumors, 730 
Armstrong, Raul A. (with Blalock, John B., 
and Carrera, G. M.), Adenocar- 
cinoma of middle third of esoph- 
agus arising from ectopic gastric 
mucosa, 398 
Arterial perfusion in extracorporeal circula- 
tion, new method for (Nufiez and 
Bailey), 707 
Artificial ductus, temporary, for surgical cor- 
rection of ventricular septal de- 
fects associated with severe pul- 
monary hypertension, creation of 
(Sirak and Hosier), 1 
Atelectasis, congestive: fatal postoperative 
complication (Hatch and Carrera), 
257 
Atrial septal defect, secundum; an analysis 
of one hundred patients under- 
going open surgical repair (Swan, 
Kortz, Davies, and Blount), 52 
defects, intermittent inflow occlusion for 
direct visual repair of (Johnson, 
Kirby, Blakemore, and Zinsser), 
314 


. 


Antifoam 


thoracic, 


Aortie 


March, pp. 273-412; April, pp. 413-552; 





816 


Atrium, left, technique for transseptal cathe- 
terization of; preliminary report 
(Cope), 482 


B 


Bacterial examination, method of securing 
uncontaminated tracheal secretions 
for (Pecora), 653 
flora of human _ tracheobronchial tree 
(Correll, Johnston, Langston, and 
Hubble), 367 
Baglio, Corrado M. (with Hunter, Warren 
C.), Caleifie arterial embolization 
accompanying commissurotomy, 
490 
Bailey, Charles P., Discussion of meeting 
papers, 270 
(with Fitch, Edward A.), Obturators for 
extracorporeal circulation  can- 
nulae, 660 
(with Nufiez, Luis E.), New method for 
systemic arterial perfusion in 
extracorporeal circulation, 707 
Bakulev, A. N. (with Kolesnikov, 8S. A.), 
Anastomosis of superior vena cava 
and pulmonary artery in surgical 
treatment of certain congenital 
defects of heart, 693 
Bansmer, Gustav (with Lawrence, G. H., and 
Hill, Lucius D.), Scalene lymph 
node biopsy, 305 
Bauer, Helene (with Curtis, John K., Ras- 
mussen, Howard K., and Menden- 
hall, John T.), Studies of pul- 
monary function before and after 
pulmonary surgery in 450 tuber- 
culous patients. I. Vital capacity 
and maximum breathing capacity, 
598 
Benedict, Edward B., Value of bronchoscopy 
in determining inoperability of 
carcinoma of lung, 646 
Benvenuto, Riccardo (with F. John Lewis), 
Gradual closure of interventricu- 
lar septal defects, 673 
Berman, Jacob K. (with Mori, Victor, and 
Ridolfo, Anthony), Pericarditis 
with massive caseation, 404 
Biopsy, cervical mediastinotomy for (Steele 
and Marable), 621 
secalene lymph node (Bansmer, Lawrence, 
and Hill), 305 
node, parietal pleura, 
(Smith, Parsons, 
611 
Bitner, Leland M. (with Hewlett, Thomas H., 
and Moraca, Patrick), Emergency 
pulmonary resection in necrotizing 
pneumonia, 580 
Bjork, Viking Olov, Bronchotracheal an- 
astomosis; follow-up of 9 cases 
on left side and 7 on right, 800 
Segmental resection for pulmonary tuber- 
culosis; analysis of 335 cases, 135 


and Daniels), 


and lung, in ~ 
diagnosis of intrathoracic disease 





INDEX 


Blakemore, William S. (with Johnson, Julian, 
Kirby, Charles K., and Zinsser, 
Harry F.), Intermittent inflow 
occlusion for direct visual repair 
of atrial septal defects, 314 

Blalock, John B. (with Armstrong, Raul A., 
and Carrera, G. M.), Adenocarci- 
noma of middle third of esophagus 
arising from ectopic gastric mu- 
cosa, 398 

Blood changes, certain, in patients under- 
going extracorporeal circulation 
(DeWall, Long, Gemmill, and 
Lillehei), 325 

Blount, S. Gilbert, Jr. (With Swan, Henry, 
Kortz, Allan B., and Davies, D. 
Hywel), Atrial septal defect, 
secundum; analysis of one hun- 
dred patients undergoing open 
surgical repair, 52 

Borrie, John, Sarcoma of esophagus: sur- 
gical treatment, 413 

Bounous, Gustavo (with Moore, Thomas C.), 
Experimental use of nylon mesh 
for esophageal support, 224 

Boyden, E. A. (with Tompsett, D. H.), 
Anomalous splitting of upper lobe 
bronchus in right and left lungs: 
with note on incidence in London 
area of left medial basal seg- 
ments, 460 

Brachiocephalic trunk, tracheal compression 
caused by anomalous innominate 
artery arising from (Fineberg 
‘and Stofman), 214 

Bradshaw, H. H. (with Meredith, Jesse H.), 

Leiomyoma of diaphragm, 641 

Braimbridge, Mark (with Osborn, John J., 
Gerbode, Frank, Perkins, Herbert, 
Melrose, Denis, and Kahn, Paul), 
Disposable filming pump-oxygen- 
ator, 472 

Brechner, Verne L. (with Kavan, Eva M., 
and Dillon, John B.), Electro- 
encephalographice effect of com- 
pression of superior vena cava 
during thoracotomy, 352 

Brock, Sir Russell C., Discussion of open 
intracardiac repair of tetralogy 
of Fallot, 47 

Bronchiolar (peripheral lung) neoplasms and 
previously undescribed observa- 
tions on origin of bronchiolar 
carcinoma (Eversole and Rien- 
hoff), 750 

Bronchogenie cysts in infants and children 
(Herrmann, Jewett, and Galletti), 
242 


Bronchopulmonary moniliasis; treatment by 
segmentectomy (Kennedy), 231 

Bronchoscopy in determining inoperability 
of carcinoma of lung, value of 
(Benedict), 646 

Bronchotracheal anastomosis; follow-up of 9 


cases on left side and 7 on right 
(Bjork), 800 





INDEX 


Bronchus, left main, mitral insufficiency with 
compression of, treated by open- 
heart surgery (Murphy, Dobell, 
Karn, and Gibbons) 320 

upper lobe, anomalous splitting of: in 
right and left lungs, with note 
on incidence in London area of 
left medial basal segments (Boy- 
den and Tompsett), 460 

Brown, Ivan W., Jr. (with Sealy, Will C., 
Young, W. Glenn, Jr., Harris, 
Jerome S., and Merritt, Doris H.), 
Potassium, magnesium, and neo- 
stigmine for controlled cardio- 
plegia; report of use in 34 pa- 
tients, 655 


C 


Caleific arterial embolization accompanying 
commissurotomy (Baglio and Hun- 
ter), 487 

Campbell, Gilbert S. (with Vernier, Robert, 

Vareo, Richard L., and Lillehei, 

C. Walton), Traumatic ventricular 

septal defect, 496 

Roger E. (with Pate, James W., 

Hughes, Felix A., Jr., and Reisser, 

John M.), ‘‘Air plombage’’ with 

resection for pulmonary tubercu- 

losis: technique for decreasing 

complications, 435 

Cannulae, extracorporeal circulation, obtura- 
tors for (Fitch and Bailey), 660 


Campbell, 


Carberry, David M. (with Adler, Richard H., 
and Ross, Charles A.), Papilloma 


of esophagus; association with 
hiatal hernia, 625 
(with Jewett, Theodore C., Jr., and Adler, 
Richard H.), Metabolic effects of 
intrathoracic stomach on growing 
child, 118 
Carcinoma, bronchiolar, bronchiolar (periph- 
eral lung) neoplasms and _ pre- 
viously undescribed observations 
on origin of (Eversole and Rien- 
hoff), 750 
epidermoid, in mucosa overlying a peduncu- 
lated lipoma of esophagus (Mar- 
cial-Rojas and Suau), 427 
of lung, value of bronchoscopy in deter- 
mining inoperability of (Bene- 
diet), 646 
Carcinosarcoma of lung of peripheral origin 
(Peabody), 766 
pacemaker and 
variable output 
Gliedman), 208 
tamponade as complication of left heart 
catheterization (Sinha and Fitch), 
720 
Cardioplegia, controlled, potassium, magnesi- 
um, and neostigmine for; report 
of use in 34 patients (Sealy, 
Young, Brown, Harris, and 
Merritt), 655 
Cardiopulmonary bypass, danger of hypo- 
glycemia during (Lobpreis), 334 


with 
and 


defibrillator 
(Karlson 


Cardiac 





817 


Cardiorespiratory bypass using helix reser- 
voir bubble oxygenator, cerebral 
changes during (Zuhdi, Joel, 
Carey, Fagella, and Greer), 703 

Carey, John (with Zuhdi, Nazih, Joel, Walter, 
Fagella, Mary Lou, and Greer, 
Allen), Cerebral changes during 
cardiorespiratory bypass using the 
helix reservoir bubble oxygenator, 
703 

Carrera, G. M. (with Armstrong, Raul A., 
and Blalock, John B.), Adeno- 
carcinoma of middle third of 
esophagus arising from ectopic 
gastric mucosa, 398 

(with Hatch, Hurst B., Jr.), Congestive 
atelectasis: fatal postoperative 
complication, 257 

Caseatjon, massive, pericarditis with (Ber- 
man, Mori, and Ridolfo), 404 

Catheterization, left heart, cardiac tamponade 
as complication of (Sinha and 
Fitch), 720 

transseptal, of left atrium, technique for 

(Cope), 482 

changes during cardiorespiratory 

bypass using the helix reservoir 

bubble oxygenator (Zuhdi, Joel, 

Carey, Fagella, and Greer), 703 

embolism, experimental, with antifoam A 
(Penry, Cordell, Johnston, and 
Netsky), 342 

Cervical mediastinotomy for biopsy (Steele 
and Marable), 621 ; 

Chesney, John G. (with Spear, Harold C., 
and Daughtry, DeWitt C.), In- 
testinal duplication cyst of ab- 
dominal origin presenting in 
thorax; report of case, 810 

Ciliary streaming through larynx and trachea; 
relation to direction of ciliary 
beat and significance in sites of 
respiratory disease (Hilding), 108 

Clark, Sam L. (with Daniel, Rollin A., Jr., 
and Sawyers, John L.), Trans- 
plantation of urinary bladder 
muscle into myocardium, 487 

Claudon, D. B. (with Weisel, Wilson, and 
Darin, J. C.), Tracheal adenoma 
in juxtaposition with mediastinal 
bronchogenic cyst, 687 

Coarctation of aorta in infancy, management 
of (Mortensen, Cutler, Rumel, and 
Veasy), 502 

Commissurotomy, calcific arterial embolization 
accompanying (Baglio and Hun- 
ter), 490 

Congenital defects of heart, certain, anasto- 
mosis of superior vena cava and 
pulmonary artery in surgical treat- 
ment of (Bakulev and Kolesni- 
kov), 693 

Jonsolidation-atelectasis, nonobstructive, fol- 
lowing thoractomy (Culiner, Reich, 
and Abouav), 371 

Cope, Constantin, Technique for transseptal 
catheterization of left atrium; 
preliminary report, 482 


Cerebral 





818 


Cordell, A. Robert (with Penry, J. Kiffin, 
Johnston, Frank R., and Netsky, 
Martin G.), Experimental cerebral 
embolism with antifoam A, 342 
Coronary circulation, studies of, I. (Haeger), 
517 
Il. (Haeger, 
das), 5 
III. (Haeger and Wallgren), 532 
IV. (Haeger and Wallgren), 545 
Correll, Noble O., Jr. (with Johnson, Kenneth 
C., Langston, Hiram T., and 
Hubble, Ralph H.), Bacterial flora 
of human tracheobronchial tree, 
367 
Cruzat, Edward P. (with Starzl, Thomas E.), 
Simple method for induction of 
topical laryngo-tracheo-bronchial 
anesthesia, 651 
Crymes, Thomas P. (with Takaro, Timothy), 
Reconstruction of thoracie aorta 
with aid of vascular coupling 
device (vessel couple), 93 
Culiner, Morris M. (with Reich, Stanley B., 
and Abouav, Jacob), Nonobstruc- 
tive consolidation-atelectasis fol- 
lowing thoracotomy, 371 
John K. (with Bauer, Helene, 
Rasmussen, Howard K., and Men- 
denhall, John T.), Studies of pul- 
monary function before and after 
pulmonary surgery in 450 tuber- 
culous patients. I. Vital capacity 
and maximum breathing capacity, 
598 
Cutler, P. R. (with Mortensen, JD, Rumel, 
W. R., and Veasy, L. G.), Man- 
agement of coarctation of aorta in 
infancy, 502 
intestinal duplication, of abdominal 
origin presenting in thorax; re- 
port of case (Spear, Daughtry, 
and Chesney), 810 
mediastinal bronchogenic, tracheal juxta- 
position with (Weisel, Claudon, 
and Darin), 687 
esophageal communication 
gins), 393 


Wallgren, and Dun- 


Curtis, 


Cyst, 


with (Hig- 


Cysts, bronchogenic, in infants and children 
(Herrmann, Jewett, and Galletti), 
242 


D 

Ibrahim, K., Pressure membrane 
oxygenator, 100 

Dammert, Kai (with Perisalo, Olavi, and 
Sirola, Kari), Mixed paragang- 
lionie and fibromyxomatous tumors 
in thoracic cavity; report of case 
with bilateral occurrence of tumor 
at five years’ interval, 570 

Daniel, Rollin A., Jr. (with Clark, Sam L., 
and Sawyers, John L.), Trans- 
plantation of urinary bladder 
muscle into myocardium, 487 


Dagher, 





INDEX 


Daniels, Albert C. (with Smith, John W., 
and Parsons, Harry G.), Scalene 
node, parietal pleura, and lung 
biopsy in diagnosis of intratho- 
racic disease, 611 

Darin, J. C. (with Weisel, Wilson, and 
Claudon, D. B.), Tracheal ade- 
noma in juxtaposition with medi- 
astinal bronchogenic cyst, 687 

Daughtry, DeWitt C. (with Spear, Harold C., 
and Chesney, John G.), Intestinal 
duplication cyst of abdominal 
origin presenting in thorax; re- 
port of case, 810 

Davies, D. Hywel (with Swan, Henry, Kortz, 
Allan B., and Blount, 8. Gilbert, 
Jr.), Atrial septal defect, secun- 
dum: analysis of one hundred pa- 
tients undergoing open surgical 
repair, 52 

Defibrillator and cardiac 
variable output 
Gliedman), 208 

DeWall, Richard A. (with Long, David M., 
Gemmill, Sharon J., and Lillehei, 
C. Walton), Certain blood changes 
in patients undergoing extracor- 
poreal circulation, 325 

Diaphragm, leiomyoma of (Meredith and 
Bradshaw), 641 

transient paradoxical movement of (Gagli- 
ardi, Feigelson, and Shufro), 636 

Dickson, James F., III (with Hamer, Neil 
A. J., and Dow, James W.), Effect 
of prolonged veno-arterial pump- 
ing on circulation of dog, 190 

Dillon, John B, (with Brechner, Verne L., 
and Kavan, Eva M.), Electroen- 
cephalographic effect of compres- 
sion of superior vena cava during 
thoracotomy, 352 

DiMarco, E. (with Fox, R. T., Lees, Wm. M., 
Shields, T. W., and Manzo, N.), 
Bilateral extraperiosteal paraffin 
plombage for pulmonary tuber- 
culosis, 783 

Dobell, Anthony R. C. (with Murphy, David 
R., Karn, Gordon M., and Gib- 
bons, James E.), Mitral insuf- 
ficiency with compression of left 
main bronchus treated by open- 
heart surgery, 320 

Donnelly, George L. (with Maha, George E., 
and Orgain, Edward §8.), Phono- 
cardiogram as method for evalu- 
ating mitral stenosis; correlation 
with operative findings, 200 

Dow, James W. (with Hamer, Neil A. J., 
and Dickson, James F., IIT), Ef- 
fect of prolonged veno-arterial 
pumping on circulation of dog, 
190 


with 
and 


pacemaker 
(Karlson 


Drash, E. Cato (with Littlefield, James B.), 
Myxoma of lung, 745 

Duhig, J. T., Solitary rhabdomyosarcoma of 
pleura; report of case with note 
on nomenclature of pleural tu- 
mors, 236 





INDEX 


Dundas, Peter (with Haeger, Knut, and Wall- 
gren, Georg R.), Studies of coro- 
nary circulation. II. Nylon and 
polyethylene tubes as coronary 
artery prostheses, 522 

DuShane, James W. (with Kirklin, John W., 
Ellis, F. Henry, Jr., MeGoon, 
Dwight C., and Swan, H. J. C.), 
Surgical treatment for tetralogy 
of Fallot by open intracardiac re- 
pair, 22 


E 


Ectopic gastrie mucosa, adenocarcinoma of 
middle third of esophagus arising 
from (Armstrong, Blalock, and 
Carrera), 398 

Electroencephalographic effect of compres- 
sion of superior vena cava during 
thoracotomy (Brechner, Kavan, 
and Dillon), 

Ellis, F. Henry, Jr. (with Kirklin, John W., 
MeGoon, Dwight C., DuShane, 
James W., and Swan, H. J. C.), 
Surgical treatment for tetralogy 
of Fallot by open intracardiac re- 
pair, 22 

Embolism, experimental cerebral, 
foam A (Penry, Cordell, 
ston, and Netsky), 342 

Embolization, calcific arterial, accompanying 

commissurotomy (Baglio and Hun- 

ter), 490 

Zeorge L. (with Emerson, Marion 

S., and Sherwood, Charles E.), 

Natural history of carcinoma of 

lung, 291 

Marion S. (with Emerson, George 

L., and Sherwood, Charles E.), 

Natural history of carcinoma of 

lung, 291 

Indometriosis involving pleura (Ripstein, 
Rohman, and Wallach), 464 

Epidermoid carcinoma in mucosa overlying 
pedunculated lipoma of esophagus 
(Marcial-Rojas and Suau), 427 

Ernst, Richard W. (with Wilson, Hugh E.), 
Massive hemothorax caused by 
intrathoracic meningocele, 387 

Esophageal communication, mediastinal cyst 
with (Higgins), 393 

hiatus of diaphragm and pathogenesis of 
hiatus herniation, anatomy of 
(Marchand), 81 

obstruction due to mediastinal granuloma 
(Moore), 127 

support, experimental use of nylon mesh 

for (Moore and Bounous), 224 

epidermoid carcinoma in mucosa 

overlying pedunculated lipoma of 

(Marcial-Rojas and Suau), 427 

middle third, adenocarcinoma arising from 

ectopic gastric mucosa of (Arm- 
strong, Blalock, and Carrera), 398 
papilloma of: association with hiatal hernia 
(Adler, Carberry, and Ross), 625 
sarcoma of: surgical treatment (Borrie), 


with anti- 
John- 


Emerson, 


Emerson, 


Esophagus, 


traumatic rupture of (Nelson), 220 





819 


Eversole, Stanton L., Jr. (with Rienhoff, 
William F., IIL), Bronchiolar 
(peripheral lung) neoplasms and 
previously undescribed observa- 
tions on origin of bronchiolar 
earcinoma, 750 
Extracorporeal circulation cannulae, obtura- 
tors for (Fitch and Bailey), 660 
certain blood changes in patients under- 
going (DeWall, Long, Gemmill, 
and Lillehei), 325 
new method for systemic arterial per- 
fusion in (Nuiiez and Bailey), 707 
relationship between perfusion blood 
temperature and available venous 
return during (Lindberg), 663 


F 


Fagella, Mary Lou (with Zuhdi, 

Walter, Carey, John, “and Greer, 

Allen), Cerebral changes during 

cardiorespiratory bypass using the 

helix reservoir bubble oxygenator, 

703 

Howard H. (with Gagliardi, Ray- 

mond A., and Shufro, Arthur S.), 

Transient paradoxical movement 

of diaphragm, 636 

Fineberg, Charles (with Stofman, Henry C.), 
Tracheal compression caused by 
anomalous innominate artery aris- 
ing from brachiocephalic trunk, 
214 

idward A. (with Bailey, Charles P.), 
Obturators for extrac orporeal cir- 
culation cannulae, 660 

(with Sinha, Kamta), Cardiae tamponade 

as complication of left heart 
catheterization, 720 

Egidio (with Sanger, Paul W., Robic- 

sek, Francis, Taylor, Frederick H., 

and Magistro, Roberto), Observa- 

tions on pulmonary vasomotor re- 

flexes, 774 

(with Lees, 


Nazih, Joel, 


Feigelson, 


Fitch, 


Foti, 


Fox, R. T. Wm. M., Shields, T 
W., DiMarco, E., and Manzo, N.), 
Bilateral extraperiosteal paraffin 
plombage for pulmonary tuber- 
culosis, 783 

Josiah, Present status of pulmonary 
resection in treatment of tuber- 
culosis, 791 


Fuller, 


G 


Raymond A. (with Feigelson, 
Howard H., and Shufro, Arthur 
S.), Transient paradoxical move- 
ment of diaphragm, 636 
Galletti, Giovanni (with Herrmann, Jack W., 
and Jewett, Theodore C., Jr.), 
Bronchogenie cysts in infants and 
children, Day 
Garamella, Joseph J. (with Andersen, James 
G., Oropeza, Reuben, Veloso, An- 
gelo, and Naidu, R.), Surgical 
treatment of aortie insufficiency 
by conversion of tricuspid aortic 
valve to a bicuspid valve, 177 


Gagliardi, 





820 


Gastroesophageal malignancy, association of 
hiatus hernia and (Adler and 
Rodriguez), 553 

Gemmill, Sharon J. (with DeWall, Richard 
A., Long, David M., and Lillehei, 
C. Walton), Certain blood changes 
in patients undergoing extracor- 
poreal circulation, 325 

Gerbode, Frank L., Discussion of open intra- 
cardiac repair of tetralogy of 
Fallot, 47 

Discussion of meeting papers, 270 

(with Osborn, John J., Perkins, Herbert, 
Braimbridge, Mark, Melrose, 
Denis, and Kahn, Paul), Dispos- 
able filming pump-oxygenator, 472 

Gibbons, James E. (with Murphy, David R., 
Dobell, Anthony R. C., and Karn, 
Gordon M.), Mitral insufficiency 
with compression of left main 
bronchus treated by open-heart 
surgery, 320 

Glenn, William W. L., Discussion of open 

intracardiac repair of tetralogy of 

Fallot, 48 

Marvin L. (with Karlson, Karl 

E.), Cardiac pacemaker and de- 


fibrillator with variable output, 
208 


Grafts, pericardial pedicle, fate of, used in 
fixed position in various chambers 
of dog heart (Lepley, Hausmann, 
and Weisel), 711 

Granuloma, mediastinal, esophageal obstruc- 
tion due to (Moore), 127 

Greer, Allen (with Zuhdi, Nazih, Joel, Walter, 
Carey, John, and Fagella, Mary 
Lou), Cerebral changes during 
eardiorespiratory bypass using the 
helix reservoir bubble oxygenator, 
703 


Gliedman, 


H 


Haeger, Knut, Studies of coronary circula- 


tion. I. Surgical anatomy of 
right coronary artery of dog and 
effects of acute ligation, 517 

(with Wallgren, Georg R., and Dun- 
das, Peter), II. Nylon and poly- 
ethylene tubes as coronary artery 
prostheses, 522 

(with Wallgren, Georg R.), III. In- 
tramyocardial implantation of 
nylon tubes after ligation of 
major coronary artery, 532 

(with Wallgren, Georg R.), IV. 
Surgical treatment of acute ex- 
perimental myocardial infarction 
in dog, 545 

Hagaman, Dyke (see Webb, Howard, and 
Neely), 361 
Hamer, Neil A. J. (with Dickson, James F., 

III, and Dow, James W.), Effect 
of prolonged veno-arterial pump- 
ing on circulation of dog, 190 





INDEX 


Harris, Jerome 8S. (with Sealy, Will C., 
Young, W. Glenn, Jr., Brown, 
Ivan W., Jr., and Merritt, Doris 
H.), Potassium, magnesium, and 
neostigmine for controlled cardio- 
plegia; report of use in 34 pa- 
tients, 655 
Hatch, Hurst B., Jr. (with Carrera, G. M.), 
Congestive atelectasis: fatal post- 
operative complication, 257 
Hausmann, Paul F. (with Lepley, Derward, 
Jr., and Weisel, Wilson), Fate of 
pericardial pedicle grafts used in 
fixed position in various chambers 
of dog heart, 711 
Heart, anastomosis of superior vena cava 
and pulmonary artery in surgical 
treatment of certain congenital 
defects of (Bakulev and Koles- 
nikov), 693 
left, catheterization, cardiac tamponade as 
complication of (Sinha and 
Fitch), 720 
-lung machine, hypothermic analgesia for 
open heart surgery with (Musi- 
eant, Lewis, Musicant, Anderson, 
and Kay), 184 
Hemodynamics, total pulmonary, in dog, ef- 
fect of bilateral pulmonary resec- 
tion on total oxygen uptake and 
(Lategola, Massion, and Schil- 
ling), 606 
Hemopneumothorax, massive spontaneous, 
emergency thoracotomy for (Ry- 
dell), 382 
Hemothorax, massive, caused by intrathoracic 
meningocele (Wilson and Ernst), 
Herrmann, Jack W. (with Jewett, Theodore 
C., Jr., and Galletti, Giovanni), 
Bronchogenie cysts in infants and 
children, 242 
Hewlett, Thomas H. (with Bitner, Leland 
M., and Moraca, Patrick), Emer- 
gency pulmonary resection in 
necrotizing pneumonia, 580 
Hewson, Carl E. (see Hamer, Dickson, and 
Dow), 190 
Hiatus hernia and gastroesophageal malig- 
nancy, the association of (Adler 
and Rodriguez), 553 
herniation, anatomy of esophageal hiatus 
of diaphragm and pathogenesis of 
(Marchand), 81 
Higgins, George A., Mediastinal cyst with 
esophageal communication, 393 
Hilding, A. C., Ciliary streaming through 
larynx and trachea; relation to 
direction of ciliary beat and sig- 
nificance in sites of respiratory 
disease, 108 
Hill, Lucius D. (with Bansmer, Gustav, and 
Lawrence, G. H.), Sealene lymph 
node biopsy, 305 
Hilton, Hiram D. (with McCarthy, Harry 
H.), Intrathoracic meningocele, 
261 





INDEX 


Hodge, Joseph (with Aponte, Gonzales, and 
McLaughlin, Edward), Primary 
mediastinal tumors, 730 
Homografts, alcohol-preserved, replacement 
of thoracic aorta with (Moore 
and Riberi), 510 
Homologous cardiac transplantation, prac- 
tical methods of (Webb, Howard, 
and Neely), 361 

Don M. (with Sirak, Howard D.), 
Creation of temporary artificial 
ductus for surgical correction of 
ventricular septal defects associ- 
ated with severe pulmonary hyper- 
tension; two-stage operation, 1 

Howard, Hector W. (with Webb, Watts R., 
and Neely, William A. >, Practical 
methods of homologous cardiac 
transplantation, 361 

Hubble, Ralph H. (with Correll, Noble 0O., 
Jr., Johnston, Kenneth C., and 
Langston, Hiram T.), Bacterial 
flora of human tracheobronchial 
tree, 367 

Hughes, Felix A., Jr. (with Pate, James W., 
Campbell, Roger E., and Reisser, 
John M.), ‘‘ Air plombage’’ with 
resection for pulmonary tuber- 
culosis: technique for decreasing 
complications, 435 

Hunter, Warren C. (with Baglio, Corrado 


Hosier, 


M.), Calcific arterial embolization 
accompanying 
490 


commissurotomy, 


Hurley, G. A. P. (with Todosijezuk, D.), 
Patterns and dynamics of tracheo- 
bronchial deformity in pulmonary 
tuberculosis, 166 

Hypoglycemia during cardiopulmonary by- 
pass, danger of (Lobpreis), 334 

Hypothermie analgesia for open heart sur- 
gery with heart-lung machine 
(Musicant, Lewis, Musicant, An- 
derson, and Kay), 184 


I 


Intermittent inflow occlusion for direct visual 
repair of atrial septal defects 
(Johnson, Kirby, Blakemore, and 
Zinsser), 314 

Interventricular septal defects, gradual clo- 
sure of (Benvenuto, Riccardo, and 
Lewis, F. John), 673 

Intracardiac repair, open, surgical treatment 
for tetralogy of Fallot by (Kirk- 
lin, Ellis, MeGoon, DuShane, and 
Swan), 22 

Intrapericardial tumor, pulmonic stenosis due 
to compression of pulmonary ar- 
tery by (Waldhausen, Lombardo, 
and Morrow), 679 

Intrathoracic lymph nodes, giant (Mason), 
251 


meningocele, massive hemothorax caused 
by (Wilson and Ernst), 387 

stomach, metabolic effects of, on growing 
child — Carberry, and Ad- 
ler), 1 





J 


Theodore C., Jr. (with Carberry, 
David M., and Adler, Richard H.), 
Metabolic effects of intrathoracic 
stomach on growing child, 118 
(with Herrmann, Jack W., and Galletti, 

Giovanni), Bronchogenice cysts in 
infants and children, 242 

Joel, Walter (with Zuhdi, Nazih, Carey, John, 
Fagella, Mary Lou, and Greer, 
Allen), Cerebral changes during 
cardiorespiratory bypass using the 
helix reservoir bubble oxygenator, 
703 

Johnson, Julian (with Kirby, Charles K., 
Blakemore, William S., and Zins- 
ser, Harry F.), Intermittent in- 
flow occlusion for direct visual re- 

» pair of atrial septal defects, 314 

Johnston, Frank R. (with Penry, J. Kiffin, 
Cordell, A. Robert, and Netsky, 
Martin G.), Experimental cerebral 
embolism with antifoam A, 342 

Johnston, Kenneth C. (with Correll, Noble 
, Jr., Langston, Hiram T., and 

Hubble, Ralph H.), Bacterial flora 

of human tracheobronchial tree, 

367 


Jewett, 


K 


Kahdem, Ahmed (with Milloy, Frank J., and 
Langston, Hiram *), Space prob- 
lems in extensive resection for pul- 
monary tuberculosis: use of pre- 
resection tailoring thoracoplasty, 
442 

Kahn, Paul (with Osborn, John J., Gerbode, 

Frank, Perkins, Herbert, Braim- 
bridge, Mark, and Melrose, Denis), 
Disposable filming pump-oxygena- 
tor, 472 

Karl E. (with Gliedman, Marvin 
L.), Cardiac pacemaker and de- 
fibrillator with variable output, 
208 

Karn, Gordon M. (with Murphy, David R., 
Dobell, Anthony R. C., and Gib- 
bons, James E.), Mitral insuf- 
ficiency with compression of left 
main bronchus treated by open- 
heart surgery, 320 

iva M. (with Brechner, Verne L., 
and Dillon, John B.), Electroen- 
cephalographic effect of compres- 
sion of superior vena cava during 
thoracotomy, 352 

Kay, Jerome Harold (with Musicant, William 
W., Lewis, Reuben R., Musicant, 
Belmont S., and Anderson, Robert 
M.), Hypothermie analgesia for 
open heart surgery with heart- 
lung machine, 184 

Kennedy, John H., Bronchopulmonary monili- 
asis; treatment by segmentectomy, 
231 


Karlson, 


Kavan, 





829 INDEX 


Kirby, Charles K. (with Johnson, Julian, 
Blakemore, William §., and Zins- 
ser, Harry F.), Intermittent  in- 
flow occlusion for direct visual 
repair of atrial septal defects, 314 

Kirklin, John W. (with Ellis, F. Henry, Jr., 
MecGoon, Dwight oa DuShane, 
James W., and Swan, H. J. C.), 
Surgical treatment for tetralogy 
of — by open intracardiac re- 
pair, 22, 50 

Kolesnikov, 8. A. (with Bakulev, A. N.), 
Anastomosis of superior vena cava 
and pulmonary artery in surgical 
treatment of certain congenital 
defects of heart, 693 

Kortz, Allan B. (with Swan, Henry, Davies, 
D. Hywel, and Blount, 8. Gilbert, 
Jr.), Atrial septal defect, secun- 
dum: analysis of one hundred pa- 
tients undergoing open surgical 
repair, 52 


L 


Langston, Hiram T. (with Correll, Noble O., 
Jr., Johnston, Kenneth C., and 
Hubble, Ralph H.), Bacterial flora 
of human tracheobronchial tree, 
367 

(with Milloy, Frank J., and Kahdem, Ah- 

med), Space problems in extensive 
resection for pulmonary tuber- 
culosis: use of preresection tailor- 
ing thoracoplasty, 442 

Larynx and _ trachea, ciliary streaming 
through; relation to direction of 
ciliary beat and significance in 
sites of respiratory disease (Hild- 
ing), 108 

Lategola, Michael T. (with Massion, Walter, 
and Schilling, John A.), Effect of 
bilateral pulmonary resection on 
total oxygen uptake and total pul- 
monary hemodynamics in the dog, 
606 

Lawrence, G. H. (with Bansmer, Gustav, and 
Hill, Lucius D.), Sealene lymph 
node biopsy, 305 

Lees, Wm. M. (with Fox, R. T., Shields, T 
W., DiMarco, E., and Manzo, N.), 
Bilateral extraperiosteal paraffin 
plombage for pulmonary tuber- 
culosis, 783 

Lepley, Derward (with Hausmann, Paul F., 
and Weisel, Wilson), Fate of peri- 
cardial pedicle grafts used in fixed 
position in various chambers of 
dog heart, 711 

Lewis, F. John (with Benvenuto, Riccardo), 
Gradual closure of interventricular 
septal defects, 673 

Lewis, Reuben R. (with Musicant, William 
V., Musicant, Belmont 8., Ander- 
son, Robert M., and Kay, Jerome 
Harold), Hypothermic analgesia 
for open heart surgery with heart- 
lung machine, 184 








Lillehei, C. Walton, Discussion of open intra- 
cardiac repair of tetralogy of 
Fallot, 49 
Discussion of meeting papers, 272 
(with Campbell, Gilbert S., Vernier, Robert, 
and Vareo, Richard L.), Trau- 
matic ventricular septal defect, 


496 
(with DeWall, Richard A., Long, David 

M., and Gemmill, Sharon J.), Cer- 
tain blood changes in patients 
undergoing extracorporeal circula- 
tion, 325 

Lindberg, Evan F., Relationship between per- 
fusion blood temperature and 
available venous return during 
extracorporeal circulation, 663 

Lipoma, pedunculated, of esophagus, epider- 
moid carcinoma in mucosa over- 
lying (Marcial-Rojas and Suau), 


Littlefield, , B. (with Drash, E. Cato), 
Myxoma of lung, 745 

Lobpreis, Ervin L., Danger of hypoglycemia 
during cardiopulmonary bypass, 


33 
Lombardo, Carlos R. (with Waldhausen, John 
A., and Morrow, Andrew G.), Pul- 
‘monic stenosis due to compression 
of pulmonary artery by intraperi- 
cardial tumor, 679 
Long, David M. (with DeWall, Richard A., 
Gemmill, Sharon J., and Lillehei, 
C. Walton), Certain blood changes 
in patients undergoing extracor- 
poreal circulation, 325 
Lung biopsy, secalene node, and _ parietal 
pleura, in the diagnosis of intra- 
thoracic disease (Smith, Parsons, 
and Daniels), 611 
cancer—metastatic theory and _ surgical 
practice (Onuigbo), 771 
carcinosarcoma of, of peripheral origin 
(Peabody), 766 
myxoma of (Littlefield and Drash), 745 
natural history of carcinoma of (Emerson, 
Emerson, and Sherwood), 291 
Lymph nodes, giant intrathoracic (Mason), 
251 


M 


McCarthy, soeere H. (with Hilton, Hiram 
a Intrathoracic meningocele, 


McGoon, Dwight C. (with Kirklin, John W., 
Ellis, F. Henry, Jr., DuShane, 
James W., and Swan, iM. J: C.), 
Surgical treatment for tetralogy 
of Fallot by open intracardiac 
repair, 22 

McLaughlin, Edward (with Hodge, Joseph, 
and Aponte, Gonzales), Primary 
mediastinal tumors, 730 

Magistro, Roberto (with Sanger, Paul W., 
Robiesek, Francis, Taylor, Fred- 
erick H., and Foti, Egidio), Ob- 
servations on pulmonary vasomotor 
reflexes, 774 


RINT Cee eer re 


Sis saat BAR 





RE i OTD ASAT BT a ae 


7 
4 


aN i a8 


INDEX 823 


Maha, George E. (with Donnelly, George L., 
and Orgain, Edward S.), Phono- 
cardiogram as method for evaluat- 
ing mitral stenosis: correlation 
with operative findings, 200 

Manzo, N. (with Fox, R. T., Lees, Wm. M., 
Shields, T. W., and DiMarco, E.), 
Bilateral extraperiosteal paraffin 
plombage for pulmonary tuber- 
eulosis, 783 

Marable, Samuel A. (with Steele, John D.), 
Cervical mediastinotomy for bi- 
opsy, 621 

Marchand, Paul, Anatomy of esophageal 
hiatus of diaphragm and patho- 
genesis of hiatus herniation, 81 

Marcial-Rojas, Raul A. (with Suau, Pedro), 
Epidermoid carcinoma in mucosa 
overlying pedunculated lipoma of 
esophagus, 427 

Mason, Carl B., Giant intrathoracic lymph 
nodes, 251 

Massion, Walter (with Lategola, Michael T., 
and Schilling, John A.), Effect of 
bilateral pulmonary resection on 
total oxygen uptake and total pul- 
monary hemodynamics in the dog, 
606 

Mediastinal bronchogenic cyst, tracheal ade- 
noma in juxtaposition with (Wei- 
sel, Claudon, and Darin), 687 

cyst with esophageal communication (Hig- 
gins), 393 

granuloma, esophageal obstruction due to 
(Moore), 127 

tumors, primary (Hodge, Aponte, and Me- 
Laughlin), 730 

Mediastinotomy, cervical, for biopsy (Steele 
and Marable), 404 

Melrose, Denis (with Osborn, John J., Ger- 
bode, Frank, Perkins, Herbert, 
Braimbridge, Mark, and Kahn, 
Paul), Disposable filming pump- 
oxygenator, 472 

Mendenhall, John T. (with Curtis, John K., 
Bauer, Helene, and Rasmussen, 
Howard K.), Studies of pul- 
monary function before and after 
pulmonary surgery in 450 tuber- 
culous patients. I. Vital capacity 
and maximum breathing capacity, 
598 

Meningocele, intrathoracic (Hilton and Me- 
Carthy), 261 

massive hemothorax caused by (Wilson 
and Ernst), 387 

Meredith, Jesse H. (with Bradshaw, H. H.), 
Leiomyoma of diaphragm, 641 

Merritt, Doris H. (with Sealy, Will C., 
Young, W. Glenn, Jr., Brown, 
Ivan W., Jr., and Harris, Jerome 
8.), Potassium, magnesium, and 
neostigmine for controlled cardio- 
plegia; report in use of 34 pa- 
tients, 655 





Metabolic effects of intrathoracic stomach on 
growing child (Jewett, Carberry, 
and Adler), 118 
Milloy, Frank J. (with Kahdem, Ahmed, and 
Langston, Hiram T.), Space prob- 
lems in extensive resection for 
pulmonary tuberculosis: use of 
preresection tailoring’ thoraco- 
plasty, 442 
Mitral insufficiency with compression of left 
main bronchus treated by open- 
heart surgery (Murphy, Dobell, 
Karn, and Gibbons), 320 
stenosis, phonocardiogram as method for 
evaluating: correlation with op- 
erative findings (Donnelly, Maha, 
and Orgain), 200 
Moniliasis, bronchopulmonary (Kennedy), 
~ 231 
Moore, Thomas C., Esophageal obstruction 
due to mediastinal granuloma, 127 
(with Bounous, Gustavo), Experimental 
use of nylon mesh for esophageal 
support, 224 
(with Riberi, Angelo), Replacement of 
thoracic aorta with alcohol-pre- 
served homografts, 510 
Moraca, Patrick (with Hewlett, Thomas H., 
and Bitner, Leland M.), Emer- 
gency pulmonary resection in 
necrotizing pneumonia, 580 
Mori, Victor (with Berman, Jacob K., and 
Ridolfo, Anthony), Pericarditis 
with massive caseation, 404 
Morrow, Andrew G. (with Waldhausen, John 
A., and Lombardo, Carlos R.), 
Pulmoniec stenosis due to compres- 
sion of pulmonary artery by in- 
trapericardial tumor, 679 
Mortensen, JD (with Cutler, P. R., Rumel, 
y. R., and Veasy, L. G.), Man- 
agement of coarctation of aorta in 
infancy, 502 
Muller, William H., Jr., Discussion of meet- 
ing papers, 269 
Murphy, David R. (with Dobell, Anthony R. 
C., Karn, Gordon M., and Gib- 
bons, James E.), Mitral insuf- 
ficiency with compression of left 
main bronchus treated by open- 
heart surgery, 320 
Musicant, Belmont 8. (with Musicant, Wil- 
liam W., Lewis, Reuben R., An- 
derson, Robert M., and Kay, Je- 
rome Harold), Hypothermie anal- 
gesia for open heart surgery with 
heart-lung machine, 184 
Musicant, William W. (with Lewis, Reuben, 
R., Musicant, Belmont S., Ander- 
son, Robert M., and Kay, Jerome 
Harold), Hypothermic analgesia 
for open heart surgery with heart- 
lung machine, 184 
Myocardium, transplantation of urinary 
bladder muscle into (Daniel, 
Clark, and Sawyers), 487 
Myxoma of lung (Littlefield and Drash), 745 





INDEX 


N 


Naidu, R. (with Garamella, Joseph J., An- 
dersen, James G., Oropeza, Reu- 
ben, and Veloso, Angelo), Surgi- 
eal treatment of aortic insuf- 
ficiency by conversion of tricuspid 
aortic valve to a bicuspid valve, 
177 

Neely, William A. (with Webb, Watts R., 
and Howard, Hector 8.), Prac- 
tical methods of homologous 
cardiac transplantation, 361 

Nelson, Robert E., Traumatic rupture of 
esophagus, 220 

Neoplasms, bronchiolar (peripheral lung), 
and previously undescribed obser- 
vations on origin of bronchiolar 
carcinoma (Eversole and _ Rien- 
hoff), 750 

Netsky, Martin G. (with Penry, J. Kiffin, 
Cordell, A. Robert, and Johnston, 
Frank R.), Experimental cerebral 
embolism with antifoam A, 342 

Nonobstructive consolidation-atelectasis fol- 
lowing thoracotomy (Culiner, 
Reich, and Abouav), 371 

Nufiez, Luis E. (with Bailey, Charles P.), 
New method for systemic arterial 
perfusion in extracorporeal cir- 
culation, 707 

Nylon mesh for esophageal support, experi- 
mental use of (Moore and Boun- 
ous), 224 


O 


Occlusion, intermittent inflow, for direct vis- 
ual repair of atrial septal defects 
(Johnson, Kirby, Blakemore, and 
Zinsser), 314 

Onuigbo, W. I. B., Lung cancer—metastatic 
theory and surgical practice, 771 

Open-heart surgery, mitral insufficiency with 
compression of left main bronchus 
treated by (Murphy, Dobell, Karn, 
and Gibbons), 320 

Orgain, Edward S. (with Donnelly, George 
L., and Maha, George E.), Phono- 
cardiogram as method for evalu- 
ating mitral stenosis: correlation 
with operative findings, 200 

Oropeza, Reuben (with Garamella, Joseph J., 
Andersen, James G., Veloso, An- 
gelo, and Naidu, R.), Surgical 
treatment of aortic insufficiency 
by conversion of tricuspid aortic 
valve to a bicuspid valve, 177 

Osborn, John J. (with Gerbode, Frank, Per- 
kins, Herbert, Braimbridge, Mark, 
Melrose, Denis, and Kahn, Paul), 
Disposable filming pump-oxygena- 
tor, 472 

Oxygen uptake, total, and total pulmonary 
hemodynamics in the dog, effect 
of bilateral pulmonary resection 
on (Lategola, Massion, and Schil- 
ling), 606 





Oxygenator, bubble, helix reservoir, cerebral 
changes during cardiorespiratory 
bypass using (Zuhdi, Joel, Carey, 
Fagella, and Greer), 703 

pressure membrane (Dagher), 100 


ar 


Papilloma of esophagus; association with 
hiatal hernia (Adler, Carberry, 
and Ross), 625 

Paradoxical movement, transient, of dia- 
phragm (Gagliardi, Feigelson, and 
Shufro), 636 

Paraffin plombage, bilateral extraperiosteal, 
for pulmonary tuberculosis (Fox, 
Lees, Shields, DiMarco, and 
Manzo), 783 

Parsons, Harry G. (with Smith, John W., 
and Daniels, Albert C.), Scalene 
node, parietal pleura, and lung 
biopsy in diagnosis of intra- 
thoracic disease, 611 

Pate, James W. (with Hughes, Felix A., Jr., 
Campbell, Roger E., and Reisser, 
John M.), ‘‘Air plombage’’ with 
resection for pulmonary tuber- 
‘eulosis: technique for decreasing 
complications, 435 

Peabody, Charles N., Carcinosarcoma of lung 
of peripheral origin, 766 

Pecora, David V., Evaluation of techniques 
of pulmonary resection for tuber- 
culosis, 446 

Method of securing uncontaminated 

tracheal secretions for bacterial 
examination, 653 

Pedunculated lipoma of esophagus, epider- 
moid carcinoma in mucosa overly- 
ing (Marcial-Rojas and Suau), 
427 

Penry, J. Kiffin (with Cordell, A. Robert, 
Johnston, Frank R., and Netsky, 
Martin G.), Experimental cerebral 
embolism with antifoam A, 342 

Perisalo, Olavi (with Dammert, Kai, and 
Sirola, Kari), Mixed paraganglli- 
onic and fibromyxomatous tumors 
in thoracic cavity; report of case 
with bilateral occurrence of tumor 
at five years’ interval, 570 

Pericardial pedicle grafts, fate of, used in 
fixed position in various chambers 
of dog heart (Lepley, Hausmann, 
and Weisel), 711 

Pericarditis with massive caseation (Berman, 
Mori, and Ridolfo), 404 

Peripheral dissection, initial, segmental pul- 
monary resection with (Steele), 
796 

Perkins, Herbert (with Osborn, John J., 
Gerbode, Frank, Braimbridge, 
Mark, Melrose, Denis, and Kahn, 
Paul), Disposable filming pump- 
oxygenator, 472 

Phonocardiogram as method for evaluating 
mitral stenosis: correlation with 
operative findings (Donnelly, 
Maha, and Orgain), 200 


iene Ae ll 





i asa cl ba ls Og 


INDEX 825 


Pickar, Daniel N. (with Ruoff, William F.), 
Pulmonary abscess; study of 70 
eases, 452 
Pleura, endometriosis involving (Ripstein, 
Rohman, Michael, and Wallach), 
464 
solitary a aaa, of (Duhig), 
23 


Plombage, paraffin, bilateral extraperiosteal, 
for pulmonary tuberculosis (Fox, 
Lees, Shields, DiMareo, and 
Manzo), 783 
Pneumonectomy for pulmonary tuberculosis, 
analysis of pulmonary function of 
ninety patients following (Tam- 
meling and Laros), 148 
Pneumonia, necrotizing, emergency pulmonary 
resection in (Hewlett, Bitner, and 
Moraca), 580 
Pulmonary abscess; study of 70 cases 
(Pickar and Ruoff), 452 
artery anastomosis of superior vena cava 
and, in surgical treatment of cer- 
tain congenital defects of heart 
(Bakulev and Kolesnikov), 693 
function before and after pulmonary sur- 
gery in 450 tuberculous patients, 
studies of. I. Vital capacity and 
maximum breathing capacity 
(Curtis, Bauer, Rasmussen, and 
Mendenhall), 598 
of ninety patients following pneumonec- 
tomy for pulmonary tuberculosis, 
analysis of (Tammeling and 
Laros), 148 
hypertension, severe, creation of temporary 
artificial ductus for surgical cor- 
rection of ventricular septal de- 
fects associated with (Sirak and 
Hosier), 1 
resection, effect of, on total oxygen uptake 
and total pulmonary hemodynam- 
ics in the dog (Lategola, Massion, 
and Schilling), 606 
emergency, in necrotizing pneumonia 
(Hewlett, Bitner, and Moraca), 
580 
segmental, with initial peripheral dis- 
section (Steele), 796 
in treatment of tuberculosis, present 
status of (Fuller), 791 
for tuberculosis; evaluation of techniques 
(Pecora), 446 
tuberculosis, analysis of pulmonary func- 
tion of ninety patients following 
pneumonectomy (Tammeling and 
Laros), 148 
bilateral extraperiosteal paraffin plom- 
bage for (Fox, Lees, Shields, Di- 
Marco, and Manzo), 783 
patterns and dynamics of tracheobron- 
chial deformity in (Hurley and 
Todosijezuk), 166 
segmental resection for; analysis of 335 
eases (Bjork), 135 
vasomotor reflexes, observations on (San- 
ger, Robicsek, Taylor, Magistro, 
and Foti), 774 





Pulmonic stenosis due to compression of pul- 
monary artery by intrapericardial 
tumor (Waldhausen, Lombardo, 
and Morrow), 679 

Pumping, prolonged veno-arterial, effect on 
circulation of dog (Hamer, Dick- 
son, and Dow), 190 

Pump-oxygenator, disposable filming (Os- 

rn, Gerbode, Perkins, Braim- 
bridge, Melrose, and Kahn), 472 


R 


Rasmussen, Howard K. (with Curtis, John 
K., Bauer, Helene, and Menden- 
hall, John T.), Studies of pul- 
monary function before and after 
pulmonary surgery in 450 tuber- 
culous patients. I. Vital capacity 
and maximum breathing capacity, 
598 

Rasmussen, Richard A., Discussion of open 
intracardiac repair of tetralogy 
of Fallot, 46 

Reich, Stanley B. (with Culiner, Morris M., 
and Abouav, Jacob), Nonobstruc- 
tive consolidation-atelectasis fol- 
lowing thoracotomy, 371 

Reisser, John M. (with Pate, James W., 
Hughes, Felix A., Jr., and Camp- 
bell, Roger E.), ‘‘ Air plombage’’ 
with resection for pulmonary 
tuberculosis: technique for de- 
creasing complications, 435 

Resection, bilateral pulmonary, effect on 
total oxygen uptake and total pul- 
monary hemodynamics in dog 
(Lategola, Massion, and Schil- 
ling), 606 

Rhabdomyosarcoma of pleura, solitary; re- 
port of case with note on nomen- 
clature of pleural tumors (Duhig), 


236 

Riberi, Angelo (with Moore, Thomas C.), 
Replacement of thoracic aorta with 
aleohol-preserved homografts, 510 

Ridolfo, Anthony (with Berman, Jacob K., 
and Mori, Victor), Pericarditis 
with massive caseation, 404 

Rienhoff, William F., III (with Eversole, 
Stanton L., Jr.), Bronchiolar 
(peripheral lung) neoplasms and 
previously undescribed observa- 
tions on origin of bronchiolar 
carcinoma, 750 

Ripstein, Charles B. (with Rohman, Michael, 
and Wallach, Jacques B.), Endo- 
metriosis involving the pleura, 464 

Robiesek, Francis (with Sanger, Paul W., 
Taylor, Frederick H., Magistro, 
Roberto, and Foti, Egidio), Ob- 
servations on pulmonary vasomotor 
reflexes, 774 

Rodriguez, Jose (with Adler, Richard H.), 
Association of hiatus hernia and 
gastroesophageal malignancy, 553 

Rohman, Michael (with Ripstein, Charles B., 
and Wallach, Jacques B.), Endo- 
metriosis involving pleura, 464 





826 


Ross, Charles A. (with Adler, Richard H., 

and Carberry, David M.), Pap- 

illoma of esophagus; association 

with hiatal hernia, 625 

R. (with Mortensen, JD, Cutler, 

P. R., and Veasy, L. G.), Manage- 

ment of coarctation of aorta in 

infaney, 502 

Ruoff, William F. (with Pickar, Daniel N.), 
Pulmonary abscess; study of 70 
cases, 452 

Rydell, John R., Emergency thoracotomy for 
massive spontaneous hemopneumo- 
thorax, 382 


Rumel, W. 


s 


Paul W. (with Robicsek, Francis, 
Taylor, Frederick H., Magistro, 
Roberto, and Foti, Egidio), Ob- 
servations on pulmonary vasomotor 
reflexes, 774 

Sarcoma, of esophagus; 

(Borrie), 413 

Sawyers, John L. (with Daniel, Rollin A., 
Jr., and Clark, Sam L.), Trans- 
plantation of urinary bladder 
muscle into myocardium, 487 

lymph node biopsy (Bansmer, 


Sanger, 


surgical treatment 


Scalene 


Lawrence, and Hill), 305 
node, parietal pleura, and lung biospy in 


diagnosis of intrathoracic disease 
(Smith, Parsons, and Daniels), 
611 
Schilling, John A. (with Lategola, Michael 
T., and Massion, Walter), Effect 
of bilateral pulmonary resection 
on total oxygen uptake and total 
pulmonary hemodynamics in the 
dog, 606 
Sealy, Will C. (with Young, W. Glenn, Jr., 
Brown, Ivan W., Jr., Harris, 
Jerome §., and Merritt, Doris 
H.), Potassium, magnesium, and 
neostigmine for controlled cardio- 
plegia; report of use in 34 pa- 
tients, 655 
Secundum, atrial septal defect: analysis of 
one hundred patients undergoing 
surgical repair (Swan, Kortz, 
Davies, and Blount), 52 
resection for pulmonary tuber- 
culosis; analysis of 335 cases 
(Bjork), 135 
Segmentectomy, treatment by; bronchopul- 
monary moniliasis (Kennedy), 231 
Septal defect, atrial, secundum: analysis of 
one hundred patients undergoing 
open surgical repair (Swan, Kortz, 
Davies, and Blount), 52 
traumatic ventricular (Campbell, Vernier, 
Varco, and Lillehei), 496 
defects, ventricular, associated with severe 
pulmonary hypertension, creation 
of temporary artificial ductus for 
surgical correction of; two-stage 
operation (Sirak and Hosier), 1 


Segmental 


INDEX 


Sherwood, Charles E. (with Emerson, George 
L., and Emerson, Marion §S%.), 
Natural history of carcinoma of 
lung, 291 
| Shields, T. W. (with Fox, R. T., Lees, Wm. 
M., DiMarco, E., and Manzo, N.), 
Bilateral extraperiosteal paraffin 
plombage for pulmonary tuber- 
culosis, 783 
Shufro, Arthur 8. (with Gagliardi, Raymond 
A., and Feigelson, Howard H.), 
Transient paradoxical movement 
of diaphragm, 636 
Kamta (with Fitch, Edward A.), 
Cardiac tamponade as complication 
of left heart catheterization, 720 
Sirak, Howard D. (with Hosier, Don M.), 
Creation of temporary artificial 
ductus for surgical correction of 
ventricular septal defects associ- 
ated with severe pulmonary hyper- 
tension; two-stage operation, 1, 


271 


Sinha, 


Kari (with Olavi, and 
Dammert, Kai), Mixed para- 
ganglionic and _ fibromyxomatous 
tumors in thoracic cavity; report 
of case with bilateral occurrence 
of tumor at five years’ interval, 
570 

Smith, John W. (with Parsons, Harry G., 

and Daniels, Albert C.), Scalene 

node, parietal pleura, and lung 
biopsy in diagnosis of  intra- 

thoracic disease, 611 

Sheldon C. (with Andritsakis, 

George D.), Criteria of thymic 

eancer and clinical correlations 

of thymic tumors, 273 

Spear, Harold C. (with Daughtry, DeWitt C., 
and Chesney, John G.), Intestinal 
duplication cyst of abdominal 
origin presenting in thorax; re- 
port of case, 810 

Starzl, Thomas E. (with Cruzat, Edward 
P.), Simple method for induction 
of topical laryngo-tracheo-bron- 
chial anesthesia, 651 

Steele, John D., Segmental pulmonary re- 
section with initial peripheral 
dissection, 796 

(with Marable, Samuel A.), Cervical medi- 
astinotomy for biopsy, 621 

Stofman, Henry C. (with Fineberg, Charles), 

Tracheal compression caused by 

anomalous innominate artery aris- 

ing from brachiocephalic trunk, 

214 


Suau, Pedro (with Marcial-Rojas, Raul <A.), 
Epidermoid carcinoma in mucosa 
overlying pedunculated lipoma of 
esophagus, 427 

Superior vena cava during thoracotomy, elec- 
troencephalographic effect of com- 
pression of (Brechner, Kavan, and 


Sirola, Periisalo, 


Sommers, 





Dillon), 352 





INDEX 


Swan, Henry (with Kortz, Allan B., Davies, 
D. Hywel, and Blount, S. Gilbert, 
Jr.), Atrial septal defect, secun- 
dum: analysis of one hundred 
patients undergoing open surgical 
repair, 52 

J. C. (with Kirklin, John W., 
Ellis, F. Henry, Jr., MeGoon, 
Dwight C., and DuShane, James 
W.), Surgical treatment for te- 
tralogy of Fallot by open intra- 
cardiac repair, 22 


Swan, H. 


fs 


Takaro, Timothy (with Crymes, Thomas P.), 
Reconstruction of thoracic aorta 
with aid of vascular coupling de- 
vice (vessel couple), 93 

Tammeling, G. J. (with Laros, C. D.), 
Analysis of pulmonary function 
of ninety patients following pneu- 
monectomy for pulmonary tubercu- 
losis, 148 

Tamponade, cardiac, as complication of left 
heart catheterization (Sinha and 
Fitch), 720 

Taylor, Frederick H. (with Sanger, Paul W., 
Robiesek, Francis, Magistro, Ro- 
berto, and Foti, Egidio), Obser- 
vations on pulmonary vasomotor 
reflexes, 774 

Tetralogy of Fallot, surgical treatment for, 


by open intracardiac repair (Kirk- 
lin, Ellis, MeGoon, DuShane, and 
Swan), 22 

Thoracie aorta, reconstruction of, with aid of 


vascular coupling device (vessel 
couple) (Takaro and Crymes), 93 
replacement of, with alcohol-preserved 
homografts (Moore and Riberi), 
510 
Thoracoplasty, preresection tailoring, use of: 
space. problems in extensive re- 
section for pulmonary tubercu- 
losis (Milloy, Kahdem, and Lang- 
ston), 442 
Thoracotomy, electroencephalographic effect 
of compression of superior vena 
eava during (Brechner, Kavan, 
and Dillon), 352 
emergency, for massive spontaneous hemo- 
pneumothorax (Rydell), 382 
nonobstructive consolidation-atelectasis fol- 
lowing (Culiner, Reich, and 
Abouav), 371 
Thorax, intestinal duplication cyst of ab- 
dominal origin presenting in; re- 
port of case (Spear, Daughtry, 
and Chesney), 810 
Thymic cancer and clinical correlations of 
thymic tumors, criteria of (An- 
dritsakis and Sommers), 273 
Todosijezuk, D. (with Hurley, G. A. P.), 
Patterns and dynamies of tracheo- 
bronchial deformity in pulmonary 
tuberculosis, 166 





827 


Tompsett, D. H. (with Boyden, E. A.), 
Anomalous splitting of upper lobe 
bronchus in right and left lungs; 
with note on incidence in London 
area of left medial basal seg- 
ments, 460 
adenoma in juxtaposition with 
mediastinal bronchogenic cyst 
(Weisel, Claudon, and Darin), 687 
compression caused by anomalous innomi- 
nate artery arising from brachio- 
cephalic trunk (Fineberg and 
Stofman), 214 
secretions, uncontaminated, for bacterial 
examination, method of securing 
(Pecora), 653 
Tracheobronchial deformity in 
tuberculosis, patterns and_ dy- 
namics of (Hurley and Todo- 
. sijezuk), 166 
tree, human, bacterial flora of (Correll, 
Johnston, Langston, and Hubble), 
367 
Transplantation, homologous cardiac, prac- 
tical method of (Webb, Howard, 
and Neely), 361 
of urinary bladder muscle into myocardium 
(Daniel, Clark, and Sawyers), 487 
Transseptal catheterization of left atrium, 
technique for; preliminary report 
(Cope), 482 
Traumatic rupture of esophagus 
220 
ventricular septal defect (Campbell, Ver- 
nier, Vareo, and Lillehei), 496 
Tricuspid aortic valve to a biscuspid valve, 
conversion of, surgical treatment 
of aortic insufficiency by; chronic 
experimental studies (Garamella, 
Andersen, Oropeza, Veloso, and 
Naidu), 177 
Tuberculosis, evaluation of technique of pul- 
monary resection for (Pecora), 
446 
present status of pulmonary resection in 
treatment of (Fuller), 791 
pulmonary, ‘‘air plombage’’ with resection 
for: technique for decreasing 
complications (Pate, Hughes, 
Campbell, and Reisser), 435 
problems in extensive resection 
for: use of preresection tailoring 
thoracoplasty (Milloy, Kahdem, 
and Langston), 442 
Tuberculous patients, studies of pulmonary 
function before and after pul- 
monary surgery in 450. I. Vital 
capacity and maximum breathing 
capacity (Curtis, Bauer, Rasmus- 
sen, and Mendenhall), 598 
Tumors, primary mediastinal (Hodge, Aponte, 
and McLaughlin), 730 
in thoracic cavity, mixed paraganglionic and 
fibromyxomatous; report of case 
with bilateral occurrence of tumor 
at five years’ interval (Perisalo, 
Dammert, and Sirola), 570 
criteria of thymie cancer and 
clinical correlations of (Andrit- 
sakis and Sommers), 273 


Tracheal 


pulmonary 


(Nelson), 


space 


thymic, 





828 


i 


Varco, Richard L. (with Campbell, Gilbert S., 
Vernier, Robert, and Lillehei, C. 
Walton), Traumatic ventricular 
septal defect, 496 
Vascular coupling device (vessel couple), re- 
construction of thoracic aorta with 
aid of (Takaro and Crymes), 93 
Vasomotor reflexes, pulmonary, observations 
on (Sanger, Robicsek, Taylor, 
Magistro, and Foti), 774 
G. (with Mortensen, JD, Cutler, 
P. R., and Rumel, W. R.), Man- 
agement of coarctation of aorta 
in infancy, 502 
Veloso, Angelo (with Garamella, Joseph J., 
Andersen, James G., Oropeza, 
Reuben, and Naidu, R.), Surgical 
treatment of aortic insufficiency 
by conversion of tricuspid aortic 
valve to a biscuspid valve, 177 
Veno-arterial pumping, prolonged, effect on 
circulation of dog (Hamer, Dick- 
son, and Dow), 190 
Vernier, Robert (with Campbell, Gilbert 8., 
Vareo, Richard L., and Lillehei, 
C. Walton), Traumatic ventricular 
septal defect, 496 
capacity and maximum breathing 
capacity. I. Studies of pulmonary 
function before and after pul- 
monary surgery in 450 tubercu- 
lous patients (Curtis, Bauer, 
Rasmussen, and Mendenhall), 598 


Veasy, L. 


Vital 


Ww 


Waldhausen, John A. (with Lombardo, Carlos 
R., and Morrow, Andrew G.), 
Pulmonic stenosis due to com- 
pression of pulmonary artery by 
intrapericardial tumor, 679 

Wallach, Jacques B. (with Ripstein, Charles 
B., and Rohman, Michael), Endo- 
metriosis involving pleura, 464 

Wallgren, Georg R. (with Haeger, Knut, and 
Dundas, Georg), Studies of coro- 
nary circulation. II. Nylon and 
polyethylene tubes as coronary 
artery prostheses, 522 


, Wax, 





INDEX 


Wallgren, Georg R.—Cont’d 
(with Haeger, Knut), III. Intra- 
myocardial implantation of nylon 
tubes after ligation of major coro- 
nary artery, 532 
(with Haeger, Knut), IV. Surgical 
treatment of acute experimental 
myocardial infarction in dog, 545 
Stennis (see Webb, Howard, and 
Neely), 361 
Webb, Watts R. (with Howard, Hector S., 
and Neely, William A.), Practical 
methods of homologous cardiac 
transplantation, 361 
Weisel, Wilson (with Claudon, D. B., and 
Darin, J. C.), Tracheal adenoma 
in juxtaposition with mediastinal 
bronchogenic cyst, 687 
(with Lepley, Derward, Jr., and Haus- 
mann, Paul F.), Fate of peri- 
cardial pedicle grafts used in fixed 
position in various chambers of 
dog heart, 711 
Wilson, Hugh E. (with Ernst, Richard W.), 
Massive hemothorax caused by in- 
trathoracic meningocele, 387 


x 


Young, W. Glenn, Jr. (with Sealy, Will C., 
Brown, Ivan W., Jr., Harris, 
Jerome S., and Merritt, Doris H.), 
Potassium, magnesium, and neo- 
stigime for controlled cardio- 
plegia; report of use in 34 pa- 
tients, 655 


Zinsser, Harry F. (with Johnson, Julian, 
Kirby, Charles K., and Blakemore, 
William 8.), Intermittent inflow 
occlusion for direct visual repair 
of atrial septal defects, 314 

Zuhdi, Nazih (with Joel, Walter, Carey, John, 
Fagella, Mary Lou, and Greer, 
Allen), Cerebral changes during 
cardiorespiratory bypass using the 
helix reservoir bubble oxygenator, 
703 





